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SECTION 1

INTRODUCTION

Human intervention in aquatic systems must be regulated to protect the

environmental quality of waters The extent to which such intervention is
controlled has traditionaly been determined by a combination of

technological and usebased controls The framework discussed here permits
the continued use of technologybased controls however consideration of
usebased controls will be amplified because the need and availabile
information indicates that water quality a surrogate for use designations
is now useful and appropriate for Chesapeake Bay and tidal tributaries

In the Bay system an effective approach is to emphasize specific
environmental quality goals for waters based on the uses desired of them
For example an oystering area should have different environmental quality
goals than a harbor Quality criteria where practical should be related
to a range of environmental goals so that the addition of materials can be
tailored to comply with the best uses of the waters The advantage of this

approach is that criteria can be defended for selected materials because
they support attainment of specific uses

Relationships between pollutant concentrations and biological effects
in estuaries are not well understood scientifically Estuaries are complex
because of their congruent marine and fluvial influences As better
definition occurs between ecological processes and patterns of observable
phenomena it is anticipated that this proposed framework will provide the

basis for evolving what is now a static characterization of ecological
relationships into a dynamic framework However the presentstateoftheart

suggests that simple linear approximations of inherently nonlinear
processes is a reasonable place to begin the process of data organization
The calculus of an Environmental Quality Classification Scheme EQCS must
await further scientific understanding of the Bay as an ecosystem US EPA
1982a also Appendix F this document For this reason the EQCS is

likely to be greatly improved in the future as our scientific understanding
increases Although imperfect this tool provides guidance for management
decisions and suggests areas needing scientific study

RATIONALE

Users of the environmental quality classification scheme may infer that

attainment of a criterion value will result in meeting its associated

objectives Eiowever attaining criterion values can never assure that

environmental objectives will be met because criterion values are analogous
to limiting factors In the same sense that adding nutrients will not
stimulate phytoplankton growth if light is limiting attaining water

quality criterion values will not promote development of a desired
biological resource if some other factor limits its wellbeing Thus the

proper interpretation of water quality criteria is that their attainment
will not guarantee that environmental objectives will be met on the other
hand water quality inferior to criterion values will not support the

environmental objectives



When water quality criteria are developed in association with

environmental objectives the criteria must be seen as a composite rather

than as a set of isolated variables This concept represents a significant

advance over our previous notion of criteria as single isolated variables

It is a holistic approach that accounts for the interaction of many factors

in supporting biological resources ie an ecosystem perspective

Criterion values are based on the attainment of a given use Because

of the high salt content in the estuary the water is seldom considered for

drinking purposes except in the tidalfresh zone However recreation and

various fisheries and their supporting foodwebs rank high among the

traditional uses especially for Chesapeake Bay and tidal waters It is in

this context that the discussion of the development of a framework for an

environmental quality classification scheme will be focussed

The framework is probably most reliably applied to situations in which

the environmental objective is to maintain uses at their existing level or

to permit some degradation These situations are better documented with

data There is less certainty in applying water quality criteria to

improve uses because there are less data to describe such situations It

is not known how much time is required for a system to recover once uses

have been lost nor is it known when a system is so degraded that it is

technically impossible to restore certain uses to it The classification

scheme is probably most reliable under normal climatic conditions Effects

of extreme conditions and catastrophic events are not accounted for

OBJECTIVE

In this appendix a framework for a classification scheme for nitrogen

and phosphorus is developed relying on the relative difference between

segments of the Bay to develop a continuum Deepwater anoxia in the main

Bay is discussed and first order estimates of its importance biological

consequences and possible causes and controls are offered For toxic

components in sediments the contamination index developed in the

characterization report Flemer et al 1983 is used to rank segments

against preColonial metal concentrations In both the nutrient and

sedimentary toxic schemes more emphasis is placed on nutrients as compared

to toxic substances because we have more information to relate nutrients to

biological efforts An attempt is made to qualitatively relate important

ecological thresholds but the schemes are not combined



SECTION 2

DEVELOPMENT OF A CLASSIFICTION SYSTEM FOR NUTRIENTS

To derive water quality ranks several analytical approaches were

attempted First the Vollenweider function Vollenweider 1968 for each

tidalfresh segment as well as for CB1 and CB2 was computed using
historic nutrient loadings corrected for changing population point

sources land use and fertilizer application rate from 1950 to 1980

Residence time for each segment was computed using plug flow saltwater

fraction and modified tidalprism methods Tile loads of total nitrogen

TN total phosphorus TP and the inorganic and organic fractions were

regressed against observed concentrations of chlorophyll a dissolved

oxygen HO and nutrient concentrations in the respective segments No

statistically significant relations were found and the method was

abandoned

A second approach involving retrospective analysis of water quality

and resources was attempted Water quality parameters were correlated

against estuarine resources such as submerged aquatic vegetation SAV the

juvenile fisheries index and fish landings When a statistically

significant correlation exists between water quality and resources a

causal relationship may exist These correlations are discussed in detail

in Flemer et al 1983

Figures 1 and 2 illustrate the kinds of relationships that can be

demonstrated between water quality parameters and resources from historical

field data Figure 1 and from laboratory mesocosnm data Figure 2 The

problem with a classification scheme based on such relationships is that

both the water quality and the resource variables may covary with an

unknown and uncontrollable variable such as climate Further resources

may be affected by management practices water quality may be affected by a

change in land use It was concluded that correlative retrospective

analysis can provide only a firstorder estimate of the relationship

between living resources and environmental quality The correlations which

were obtained could not be inverted that is the degree to which improving

water quality will restore resources cannot be quantified Thus the

possible causal relationship must be developed independently of simple

correlations before the simple approach can be used with confidence

The third attempt to develop a classification scheme involved the use

of seasonal TN and P concentrations in the water column as a relative

index of water quality This scheme avoids explicit correlations between

water quality parameters and resources yet permits qualitative comparisons

between them Thus a tidalfreshwater segment might be classified as

Patuxentlike or Rappahannocklike on the basis of nitrogen or

phosphorus concentrations The approach assumes that major system features

ie flushing time sediment type tidalmarsh development etc
approximate each other between the tidalfreshwater Patuxent and

Rappahannock River segments

Total nitrogen and total phosphorus concentrations have long been used

as indicators of environmental quality in aquatic systems Jaworski 1981
The CBP attempted to evaluate estuarine water quality on the basis of N and

P concentrations and the NP atomic ratio as illustrated in Figure 3

A3
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Figure 2 The response of submerged aquatic vegetation in experimental ponds to
various loading rates of nitrogen and phosphorus Kemp et al 1982
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Plots of this kind have two distinct advantages First specific
concentrations or concentration ranges of ecological significance can be
labeled on the concentration axis permitting water quality managers to
visualize concentration not load reductions necessary to make a

Patuxentlike segment into a Rappahannocklike segment Second the NP
ratio provides a firstorder estimate of the nutrient that is potentially
limiting phytoplankton production It is critical to recognize here that
the forms in which N and P present may be more important than the total
concentrations and that other factors such as turbidity may actually be

limiting phytoplankton growth For a detailed discussion of the factors
affecting phytoplankton growth and productivity see Smullen et al
1982 Phytoplankton on the average incorporate N and P in the ratio of

161 by atoms but that ratio can vary from 101 to 201 the shaded area
on Figures 3a and b When the data from specific segments are plotted on
such a diagram the manager can see which nutrient is potentially limiting
above the shaded zone P is potentially limiting below the shaded zone N
is potentially limiting If the management objective is reduction of
phytoplankton growth by limiting nutrients and nitrogen is presently
limiting production then one can reduce the ambient N concentration from
the field marked A to the concentration field marked B Figure 3b
Suppose however that N cannot be controlled then one can reduce P
increasing the NP ratio and forcing p to become limiting Such a

hypothetical scheme is also illustrated in Figure 3b where the initial and
if one supposes the undesirable envelope of concentration is the field
marked A and the desired or at least acceptable field is marked C To
get from the situation in A to the situation in C without changing the

concentration of N one must reduce the concentration of P A critical
caveat must be mentioned the static nature of NP ratios fails to give
information on the flux of these nutrient forms among the various
environmental compartments ie particulate living and nonliving and
dissolved organic and inorganic materials

A real example of the hypothetical scenario outlined above involves the

Potomac River By 1970 the tidalfresh portion of the river received
11000 kg day1 of P and 27000 kg day1 of Ii from wastewater loaning
Advanced wastewater treatment processes initiated in 1974 were designed
to remove P from the wastewater flow By 1979 the wastewater load of
phosphorus to the tidalfresh Potomac had been reduced to 2400 kg

day1 The summertime concentrations of phosphorus plotted against the

NP ratio for the tidalfresh Potomac are illustrated in Figure 4 The

plot shows how the N concentration and NP ratio changed with institution
of the treatment practices The plot also shows that despite accumulation
of N and P in bottom sediments and their release to the water column the

tidalfresh Potomac responded rapidly C 5 years and positively to the

pollution control strategy Figure 4 illustrates the decline in TP

concentration coincident with and principally caused by phosphorus
removal from sewage effluents As phosphorus removal continued the ratio
of NP doubled

The data points for all tidalfresh segments of Chesapeake Bay
tributaries and CBl WT5 and ET14 are illustrated for summertime

June July and August in Figure 5 The York and Rappahannock plot in
the lower left portion of the graph form a distinct contrast to the Back
River plot Clearly estuarine water quality managers can see two

strategies for the Patuxent for example The Patuxent is potentially
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nitrogen limited during the warm season and a reduction of nitrogenconcentration from about 26 mg L1the center of most of the datacloud to 06 or 07 mg L l could make the tidalfresh Patuxent become
Rappahannocklike Alternatively the ambient nitrogen concentration couldbe maintained and phosphorus could be reduced from ambient concentrationsof 04 mg L1 to 015 mg L1 to achieve a water quality status like the
post1974 Potomac in the summertime

The NP ratio does not consider historic pre1968 N or P
concentrations relying instead on the most desirable defined as mostdesirable at present Because both the York and Rappahannock Riversreceive nonpoint source loads from agricultural activities there is reasonto believe that neither of them are pristine or as low in nutrient loadsas they were in the past The NP ratio though of utility to managers in
predicting concentration reductions does not provide data on loadreductions necessary to achieve the desired concentration reductions TheNP ratio also does not explicitly link resources to N or P except in aqualitative way

Table 1 illustrates a summary of the TN TP NP ratio and potential
limiting nutrient for all segments of the Bay during the decade from 1970to 1980 for each season except winter for which insufficient data areavailable Table 2 provides the frequency distribution data on the 734paired nitrogen and phosphorus data points by season Phosphorus is alwaysthe principal potential limiting nutrient while nitrogen is potentiallylimiting less than 10 percent of the time during any season Almost all ofthe cases of potential nitrogen limitation occur in the Patuxent PotomacJames Rappahannock and York Rivers In the first three rivers both TNand TP are high in the latter two cases both TN and TP are in lowconcentrations
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TABLE 2 FREQUENCY OF OCCURRENCE OF NITROGEN OR P1IOSPHOKUS AS A POTENTIALLY
LIMITING NUTRIENT FOR PHYTOPLANKTON ALL DATA IN CEP DATA BASE FOR
1970 TO 1980

Season

Nutrient
Spring

Mar April May
Summer Autumn

June July Aug Sept Oct Nov TOTALS

TN1
2

15 6 17 7 20 8 52 7
3

42 18 83 32 81 34 206 28
TP 179 76 158 61 139 58 476 65

TOTALS 236 258 240 734

1Nitrogen is defined as potentially limiting when NP by atoms is less than
or equal to 10

2Thc potentially limiting nutrient is indeterminate when NP by atoms falls
in the range of less than or equal to 20 and greater than 10

3Phosphorus is defined as potentially limiting when NP by atoms is greater
than 20



SECTION 3

INSIGHTS GAINED FROM THE LITERATURE

NUTRIENTS AND PHYTOPLANKTONIC STANDING CROPS

Ketchum 1969 analyzed a large body of data and concluded that

phosphorus enrichment in estuaries should be considered at a danger level
when concentrations approach 255 ug of L`1 0079 mg LI in winter
and 17 ug of L1 0053 mg L1 in summer Carpenter et al 1969
found that when Potomac River concentrations of nitrate reached 100 to 150

ug atoms per liter 14 to 21 mg L1 and phosphorus levels reached 5 ug
atoms per liter 0155 mg L1 high

flow
or when nitrate reached 50 to

70 ug atoms per liter 090 to 098 mg L and phosphate reached 3 to 5

ug atoms per liter 0093 to 0155 mg L1 low flow high
concentrations of chlorophyll were produced by Microcytis aeruginosa which
floats to form highly visual discolorations and collects on the shoreline
in unattractive mats The conditions were also accompanied by a more
pronounced decrease in dissolved oxygen •1 ml L1 at depth in the

Potomac River than occurred at depth in the upper Chesapeake

Jaworski et al 1972 reviewing historical data for the upper Potomac
estuary indicated that if the concentrations of inorganic phosphorus and
inorganic nitrogen were at or above 01 and 05 mg L` respectively
algal blooms of approximately 50 ug L1 or more were considered
indicative of excessive algal growths Studies of the James River estuary
a sister estuary to the Potomac by brehmer 1967 indicate that nitrogen
appears to be the ratelimiting nutrient

Based upon several analyses including bioassays and algal modeling
Jaworski et al 1972 developed the following criteria for reversing
eutrophication in the freshwater portion of the tidal Potomac River

inorganic nitrogen 030 to 05 mg L1
Total phosphorus 003 to 01 mg L1

These authors indicate that

The lower values in these ranges are to be applied to the freshwater
portion of the middle reach and to the embayment portions of the

estuary in which the environmental conditions are more favorable for
algal growth The upper ranges of the criteria are more applicable to
the upper reach of the Potomac estuary which has a lightlimited
eutrophic zone of usually less than 06 m in depth

Studies of the mesohaline portion of the Potomac estuary showed a

relatively sharp transition from freshwater to a typical mesohaline
environment At the upper end of the 35 km transition zone at Maryland
Point there are primarily freshwater phytoplankton and zooplankton
populations Above Maryland Point the salinities are less than two

percent Predominantly marine forms dominate the lower end of the

transition zone at the Route 301 Bridge with salinities in summer
approximating 12 ppt Based on five years of field studies it appears
that the growth of massive bluegreen algal mats are apparently
restricted to the freshwater portions in the mesohaline environment
dinoflagellates were often encountered in red tide proportions



These observations lead to two points of emphasisInestuarine

water quality management 1 fairly discrete biotic provinces may be

identified within a given reach of the estuary responding differently

to a given stress and 2 there is insufficient evidence to date to

generalize on nutrient parameters and hypertrophic conditions in all

portions of a given estuary Therefore at the present time no

specific nutrient criteria have been established for the mesohaline

portion of the Potomac estuary

Figure 6 shows important historical changes in nutrient enrichment

trends and ecological changes for the upper tidal Potomac from 1913 to 1970

Jaworski et al 1972 The nutrient concentrations in the upper estuary

under summer conditions before 1920 were estimated to be from 004 to 007

mg L1 of phosphorus with inorganic nitrogen ranging from 015 to 030 mg

L1 With a reversion to these concentrations not only should there be

a significant reduction in the bluegreen algal population but there should

also be a general reversal in the ecological succession of the community

The Patuxent River estuary showed large increases in the levels of

nitratenitrogen and dissolved inorganic phosphatephosphorus between 1963

to 1964 and 1968 to 1970 Flemer et al 1970 Herman et al 1967 Table 3

compares the available data on nitrogen phosphorus and chlorophyll a for

these two study periods Salinities were approximately similar between

years at stations used in the comparison Thus physical dispersion is

assumed to be roughly similar for each study Nitratenitrogen increased

significantly over the sixyear period at the upper and lower river

stations respectively The greatest relative increases occurred in the

higher saline waters A smaller increase was noted in phosphate between

the two periods Chlorophyll a levels approximated each other over the two

study periods at Lower Marlboro but a significant increase occurred at

Queentree Landing from 1963 to 1964 and 1968 to 1970 if it is assumed

that the 1968 to 1970 chlorophyll a normalized to uncorrected values would

increaseby 30 percent than the increase in chlorophyll a is more striking

The data on the Patuxent River estuary are intended to show that the

system responded rapidly to nutrient enrichment Later studies Heinle et

al 1980 have shown even higher levels of nutrients and chlorophyll a
The highest nitrate levels occurred during the winter and approximately a

fourfold increase between 1963 to 1964 and 1968 to 1970 in nitrate at

comparable salinities a measure of dilution was indicative of a six to

sevenfold increase in chlorophyll a uncorrected values in 1968 to 1970

estimated to be 30 percent higher than corrected reported values

During the summer of 1970 in the Patuxent when the total dissolved

nitrogen NH3 N02 N03 and dissolved organic nitrogen averaged

071 mg L1 N = 4 at Lower Marlboro salinity approximated 14 ppt
the estimated uncorrected chlorophyll a averaged 43 ug L1 N = 4 At

the Queentree Landing station the salinity for the summer of 1970 averaged

10 ppt and the total dissolved nitrogen and chlorophyll a averaged N = 4
026 mg L1 and 52 ug L1 respectively These data show that

different salinity regimes in the Patuxent correlate differently with the

concentration of nitrogen The higher saline reach of the Patuxent

exhibited a higher level of chlorophyll a per unit concentration of

nitrogen than the low saline upper reach
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The total dissolved inorganic nitrogen DIN in the Patuxent during thesummer of 1970 averaged 036 mg L1 at Lower Marlboro and the uncorrectedchlorophyll a level averaged about 43 mg L1 At Queentree for the same

period
the DIN averaged 005 mg LI and chlorophyll a averaged 52 ug

The Patuxent River data and other studies discussed suggest that whenthe total nitrogen approaches 10 mg L1 in tidalfresh to brackish
water then the chlorophyll a levels are likely to reach 50 ug L1 alevel of concern or at least a danger signal concerning aesthetics andprobable low levels of dissolved oxygen The latter point requires moreinformation for a calibration to various environmental conditions Duringthe summer much of the nitrogen is incorporated into chlorophyll a relatedorganic material The danger level of phosphatephosphorus intidalfreshwater is probably near 010 to 015 mg L1 Tile level ofdanger of this nutrient form at higher salinities is less certain



SEC ION 4

SUBMERGED AQUATIC VEGETATION AND NUTRIENTS

Submerged aquatic vegetation SAV has declined markedly in Chesapeake

Bay during the past 10 to 15 years Flemer et al 1983 Orth and Moore

1982 Factors related to the decline are discussed in the CBP

characterization report Chapter 3 and in Kemp et al 1982 Submerged
grasses in Chesapeake Bay generally are limited in their growth by the

availability of light Wetzel et al 1982 Thus factors that affect the

amount of light that can penetrate the water column will affect the

wellbeing of submerged grasses No such factors are nutrients and

turbidity

NUTRIENTS

High nutrient concentrations can hinder SAV growth through the

production of phytoplankton biomass In addition nutrients may encourage
the growth of epiphytes on grass leaf surfaces decreasing light
availability Twilley et al 1982 Studies of experimental microcosms

Twilley et al 1982 indicate that nitrogen loads resulting in

concentrations of 07 mg L`1 initiate excessive epiphyte biomass
phytoplankton growth and stress of SAV Phosphorus loads resulting in

concentrations of 015 mg L`l are also stressful Effects of nitrogen
and phosphorus loads on SAV biomass were shown in Figure 2 loyntonl

suggests that nutrient concentrations may be deceptive in assessing effects
on SAV because epiphytes take up so much of the nutrients He feels that
nutrient loads should be considered as well From Figure 2 it can be seen
that nitrogen loads of 30 to GO u mol per week and phosphorus loads of 26
to 6 u mol per week are sufficient to reduce SAV biomass

These results are further substantiated by a significant correlation

between the percentage of sites vegetated and the total nitrogen
concentration in Maryland Figure 1 The percentage of sites vegetated
declined abruptly when total nitrogen concentrations exceeded 08 mg
11 There was no correlation between phosphorus and SAV probably
because phosphorus concentrations in most segments are below critical

levels Rank correlation of expected habitat and total nitrogen for the

entire Bay Flemer et al 1983 was also significant The value of 060 mg
L`1 total nitrogen is suggested by these results as the highest

concentration that could be expected to support abundant SAV

Personal Communication Effect of Nutrient Concentrations on SAV
W Boynton University of Maryland CRY 1983
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SECTION 5

NUTRIENTS DISSOLVED OXYGEN AND FISHERIES

NUTRIENTS

Excess nutrients may result in excessive production of organic

material This material must ultimately be oxidized possibly resulting in

depletion of oxygen Oxygen depletion is most serious in the summer

because increased temperatures cause increased oxygen utilization and

decreased oxygen solubility Bottom waters are most sensitive to oxygen

depletion because the pycnocline prevents rapid reaeration The extent of

salinity stratification a function primarily of freshwater flow will

determine the extent to which bottom waters can be reaerated from surface

waters

Deeper waters like the main channel of Chesapeake Bay are most

sensitive to oxygen loss This area has historically been subject to low

dissolved oxygen levels in summer but the spatial and temporal extent of

low dissolved oxygen have increased in concert with increased nutrients

Flemer et al 1983 In addition anoxic waters zero dissolved oxygen

now occur regularly in summer a rare phenomenon in the 1950s and early

1960s Figure 7 Changes in dissolved oxygen profiles canbe expected to

affect Bay resources particularly benthic species such as oysters

DISSOLVED OXYGEN

Many factors other than nutrients affect dissolved oxygen profiles To

understand these factors the main channel of Chesapeake Bay was studied in

detail as described in Flemer et al 1983 This area has a good

historical record back to 1949 through data collected by the Chesapeake Bay

Institute of The Johns Hopkins University

Data from two stations in CB4 for 11 years between 1949 and 1980 were

analyzed Results indicated that in July the difference between dissolved

oxygen concentrations above the pyenocline and those below the pycnocline

ADO were related to the extent of salinity stratification •S Figure 8
Thus the greater the stratification is the greater will be the difference

between dissolved oxygen concentrations above and below the pycnocline This

relationship is independent of dissolved oxygen concentrations and depends

only slightly on differences in oxygen solubility Figure 8 It can be

concluded that stratification and the concentration of DO above the pycnocline

are the major factors controlling DO concentrations below the pycnocline in

this area of CB4

With this relationship it is possible to calculate the concentration of

dissolved oxygen above the pycnocline that is needed to sustain a desired

bottom concentration For example if S is 050 then the DO level will

be 050 Figure 9 If the pycnocline extends to 8 meters then

DO upper DO lower
= 049

8
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Figure 7 Volume of water in Chesapeake Jay with Iow levels of dissolved oxygen
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If the desired concentration below the pycnocline is 05 ml L1 then the

concentration above the pycnocline must be at least 45 ml L1

RELATIONSHIP TO NUTRIENTS

Officer et al 1983 have developed a model of the midChesapeake
anoxia phenomena showing that a nominal benthic respiration rate of 20
02 m2 day1 is adequate to drive the dissolved oxygen level to zero

below the pycnocline They concluded that the principal factor causing the

anoxic conditions appears to be historic increases in yearly phytoplankton

production which in turn are related to the increase in anthropogenic
nutrient inputs to be upper Bay Significant changes in nutrient loads to

the Bay are not seen however increases in nutrient concentrations in the

water column and increases in the volume of anoxic water are apparent

The process of nutrient recycling tends to amplify changes in the

nutrient load from external sources that is nutrients once entering the

Bay may be used several times before they leave the Bay The CBP has

estimated the range of recycling that must occur in the bay to support
observed levels of primary production For the reach of the main Bay from

CB1 to CB5 the nutrient recycling rate varies with season illustrated
in Table 4 Assuming that N and P are remineralized on the order of 3 to

5 times during the summer we can now estimate the nutrient load reduction

necessary to achieve specified dissolved oxygen concentrations in deep Bay

waters

The volume of low DO waters is 5 x 109m3 To raise that volume

from 0 to 28 mg L1 20 ml L1 28g5 x 109uz3 is needed to

equal 14 x 103 tons 02 For the northern Bay CB 15 every unit

addition of P from external sources will yield 4 units of Pbased

production during summer producing 4 x 106 units of carbon with a

potential oxygen demand of 25 x carbon = 1000 units 0 or 500 units

02 To reduce the oxygen demand by 14 x 103 tons P should be reduced

by 14 x 103 divided by 500 to equal 30 tons P Similarly for nitrogen
the load to the Bay needs to be reduced by 14 x 103 tons divided by 60 to

equal 400 tons It is probaby much more realistic to assume that only a

fraction of the carbon produced actually is totally oxidized say 50

percent and that only a fraction say 50 percent of each nutrient is

utilized In that case 120 tons P andor 1600 tons N reduction would be

required to produce one aeration volume from 0 to 20 ml L1 The

computed reductions in nutrient loads are only 3 percent of the annual N

load and 11 percent of the annual P load from the Susquehanna River to the

Bay

The point of the above exercise is to demonstrate that the DO content

of deep waters of the Bay is very sensitive to changes in external nutrient

supply These small changes in external load cannot be detected by

existing monitoring programs Further these small nutrient additions need

not come from the Susquehanna River they are such a small proportion that

they could be advected from further down Bay or from adjacent tributaries

Finally the CBP has no feeling for the importance of the timing of the

nutrient additions It cannot be said that a load reduction of 120 tons of

P over the year is adequate or if all of the reduction must come for

example from the spring load It can be concluded however that to

improve the deep water dissolved oxygen levels nutrient inputs to the main

Bay must be reduced

A27



RELATIONSHIP TO FISHERIES

Nutrientrelated food web shifts can affect the wellbeing of fish

species Ryther 1954 Nutrient enrichment can also affect fish through

changes in dissolved oxygen profiles Growth of oyster larvae ceases when

dissolved oxygen concentrations reach 17 ml L1 adults can survive up
to five days at concentrations of 07 ml L1 or less but undergo

stressful anaerobic metabolism Galtsoff 1964 Sublethal oxygen stress

can make oysters more susceptible to diseases

As the volume of water containing low dissolved oxygen increases the

depth at which oysters can survive becomes shallower This results in loss

of potential oyster habitat For example if the depth of low dissolved

oxygen changed from 10 meters to 9 meters depth approximately 221 million

square meters of potential oyster habitat would be lost from segment CB4
As indicated in Table 5 the area of Chesapeake Bay bottom covered by low

dissolved oxygen has increased since 1950 as a result there have been

significant losses of potential oyster habitat

TABLE 4 ESTIMATE OF NUTRIENT RECYCLING FOR CHESAPEAKE BAY CB 15
ALL VALUES IN 106 LES DATA FROM SMLLEN ET AL 1982

Minimum Recycling

Spring
N P

Sumner

N P

Fall

N P

Winter

N P

Required to 110 15 250 34 140 19 55 8

Support Production

Entering Bay 108 74 59 12 55 45 78 6

18 0In Bay 18 05 23 5 21 05
Recycled 2 0 75 168 22 64 14 41 1

Recycled 3
0 50

Maximum Recycling4

Required to 110 15 250 34 140 19 55 8

Support Production

Entering Bay 495 23 18 018 21 08 36 i
In Bay 18 05 23 5 21 05 18 0
Recycled 2 425 122 209 282 98 177 1 5•

Recycled 38 80 83 82 70 93 1 73

Assumes that all tributary nutrient loads from all sources reach the Bay

2Required to Support Productivity Entering + in Bay = Recycled

3 Recycled = Recycled divided by required x 100

Assumes that all tributary nutrient loads remain in tributaries and that

the only Bay source Is the Susquehanna River



TABLE 5 AREA OF CHESAPEAKE BAY BOTTOM AFFECTED BY LOW DISSOLVED OXCYEN
DO WATERS IN SMMER PERCENT OF BAY SEGMLNTS CB 3 4
AND 5 IMPACTED

DO Level July 1950 July 1969 July 1980

ml L1 m2x106 m2x106 m2xl06

05 623 21 3440 113 603 199
10 2280 75 5350 176 789 260
20 8240 272 6290 207 1196 394
30 11910 393 8890 293 1417 467
40 15450 509 14550 480 2022 667

Dissolved oxygen is also important to the survival of finfish Five
ml L1 dissolved oxygen in surface waters is generally considered to be
the minimum requirement for most sensitive species This value is

consistent with maintenance of 05 ml L1 at the bottom as previously
discussed Lower oxygen concentrations may stress American shad whose

LC50 is 36 ml L1 Kaumeyer and SetzlerHamilton 1982 To maintain a

minimally diverse estuarine fishery at least 2 to 3 ml L1 should be
maintained Thornton 1975



SECTION 6

METHODOLOGY FOR DEVELOPING DEGREE OF METAL CONTAMINATION

INTRODUCTION

Toxic substances may be naturally occurring materials like lead
copper or crude oil which have been added to the estuary in harmful
amounts by human activities They may also include artificial materials
like Kepone which are synthetically produced These organic and inorganic
materials may occur in bewildering varieties and forms in the Bay
Considerably less information is available about the relationship between

specific toxic substances and their effects on Bay plants and animals than

is known about the nutrients nitrogen and phosphorus

To assess trends for the occurrence of metals in Chesapeake Bay one
can use sediment cores which document changes over time A sediment core
analyzed for trace metals and with an established geochronology can be
used to estimate trace metal inputs assumming no diagenetic migration of

metals through the length of the core Such an analysis must be conducted

carefully for the burrowing activities of benthic organisms in oxic
environments can disturb the sedimentary record create an artificial
21OPb distribution and influence trace metal patterns

Several techniques have been devised to estimate the degree of
contamination of sediments by metals Turekian and Wedepohl 1961
developed data on the average concentration of trace metals in various

sedimentary rocks Often contamination in modern sediments is identified

by the ratio of metal in the sample to metal in an average shale or
sandstone this ratio is termed the 4edephol ratio The problem with this

technique is that there is no compelling evidence that natural James River

sediments for example should have the same concentration of a particular
metal as the average of all of the earths shales other investigators
have chosen to normalize trace metal concentrations to some metal present
in sediments in such high concentrations that it is unlikely that

anthropogenic sources could influence it to a significant degree

The metal frequently chosen to ratio against is iron Unfortunately
iron is relatively mobile after burial and significant quantities can

migrate through sediment pore waters Still other investigators suggest
normalizing the metal content of sediment samples to the grain size of the

sediment There is usually a strong inverse correlation between sediment
size and metal content Grain size though is only a rough indicator of

particle surface area sediment organic content and sediment mineralogy
any or all of which are the probable cause of high metal concentration in

fine sediments

Chesapeake Bay Program scientists have applied a different approach to

the estimation of the degree of metal contamination in Chesapeake Bay
sediments By using precolonial Chesapeake sediments the use of

potentially mobile metals like iron has been avoided by measuring silicon
and aluminum sediment grain size and mineralogy have been accounted for

simultaneously sands are mostly quartz and silts as size terms and



Figure 9
Degrees of metal contamination in the Bay based on the Contamination

Index Cl



clays may be either quartz or clay minerals A detailed discussion of the

rationale and assumptions used in developing the Contamination Index is

found in Flemer et al 1983

CONTAMINATION INDEX

The Contamination Index C1 for surface sediments by metals can be

developed by combining data on the anthropogenic concentration of

individual contaminants and summing these contaminant factors Cf The

Cf value for each metal is computed and all of the Cf values for a

given sediment sample are summed to produce the index of contamination

Cl
n n C C

o

C1 = Cf =
P

n=1 n = I C
p

This method of characterizing estuarine sediments gives equal weight to all

metals regardless of absolute abundance and has no inherent ecological

significance When this index is combined with blotoxicity dataits
biological importance can be assessed Where individual metal Cfs exceed

10 they contain specific metal concentrations that exceed natural

Chesapeake sediments by 100 percent These Cfs are based on the

correlation of SiAl and metal content They should be interpreted as

departures from the natural deep metal concentration The correlation of

metals with SiAl ratios should not be interpreted as causation Controlling

parameters for metal concentrations may well be redox pH organic or sulfur

species present

A computer search was conducted for all available surface sediment metals

data in the Chesapeake and its tributaries Values could be developed to

calculate contamination factors for each metal The sum of these individual

contamination factors that is the degree of contamination is plotted in

Figure 9 This illustration represents our best estimate using all

available data of the potential metal contamination from anthropogenic

sources of the surface sediments of the Bay and its tributaries No data

exist near to shore and large local increases should be expected close to

outfalls These variations have not been indicated on Figure 9

The Toxicity Index closely relates to the Contamination Index and is

defined as
i=G M1

T1 Cfi

i=I tii

where Ni = the acute anytime EPA criterion for any of the metals
but Ml is always the criterion value for the most toxic of the six

metals

The acute anytime EPA criterion is the concentration of a material

that may not be exceeded in a given environment at any time This value

may be different for different environments The criterion values are

calculated by standardized procedures using data from inhouse EPA studies

and from published scientific literature US EPA 1982b The details of

the method are explained in Appendix D of Flemer et al 1983



The Toxicity Index was calculated for every station where the
Contamination index was calculated Each station was given an average
salinity value based upon its geographical location and available salinity
data Stroup and Lynn 1963 Because the toxicity of metals is often
greater in freshwater than in salt water each station was characterized by
its minimum salinity Bottom salinities were used in every case
Freshwater stations were those with salinities less than 05 ppt and these
were assigned criterion values for freshwater at 50 ppm hardness brackish
stations were those with salinities between 05 and 50 ppm and these were
assigned criterion values for freshwater with a hardness of 200 ppm

Stations with salinities greater than 50 ppt were assigned criterion
values for salt water

A contour map of Toxicity Indices using logarithmic intervals again
shows a high level of contamination in Baltimore iarbor but with the

apparently associated high indices in the adjacent main Bay restricted
largely to the axis of the Bay Figure 10 Additionally the sediments in
much of the lower James River are relatively uncontaminated by toxic
metals only those sediments off Norfolk and near Portsmouth are highly
contaminated Comparison of contour maps of C1 versus TI reveals areas
of similarity as would be expected In general however the Toxicity
Index map shows more details of structure and variation within an area than
does the C1 map Areas of greatest toxicity such as Baltimore Harbor
an area extending northward to the Susquehanna Flats the Northeast River
the lower Rappahannock upper York and the Elizabeth River are also most
contaminated using the CI method In addition the lower Patuxent River
and several smaller tributaries of the lower James have high Toxicity
Indices Moderately high values of the T1 occupy the central and upper
Bay main stem and lower reaches of most western shore tributaries except
the James River In general this pattern follows the distribution of
finer sediments in Chesapeake Bay which is not unexpected as heavy metals
are associated with the silt and clay fraction of the substrate

Though a contour map based on logarithmic intervals allows a general
analysis of metal contamination of the Bays sediments the Toxicity Index
at stations within a contour interval can vary greatly especially within
the interval containing the highest values Toxicity Indices for stations
in Baltimore Harbor range from 32 to 26914 and reflect considerable
differences in the expected toxicity of the sediments



Figure 10 Toxicity index of surface sediments in Chesapeake Bay



SECTION 7

DISCUSSION AND CONCLUSIONS

This appendix provides a management focus on information used in the
development of a classification or ranking scheme of environmental factors
associated with the distribution and abundance of the biota This approach
provides a mechanism to integrate information that characterizes the
requirements for growth reproduction survival and migration of the
biota Once a target level of an environmental factor eg nutrients
and toxic substances in our analysis is identified then managers have a
better basis to decide if the factor should be controlled Control impliesdecisions regarding human use which inherently involves human value
judgements In this context scientific information is used to define
relational aspects among variables and management exercises the perogrativeof defining levels of use or application of terms such as good bad or
fair

As a cautionary note it is important to understand that the
relationships discussed in this chapter are largely correlative in nature
There exists the possibility and indeed the probability that under
different environmental conditions the relationships will change It is
the nature of this change that future studies are likely to provide an
increased understanding

In summary Table 6 is provided for easy reference and a synthesis of
information described in the text These target levels are offered with
the assurance that future work will improve their scientific basis They
are preliminary and overdrawing their meaning and ignoring the substantial
uncertainty associated with them as guidance will only serve to deceive the
user

It should be noted that little information is available to make
firstorder estimates of the relationship between living resources and
water and sediment quality factors Under some circumstances meeting
upestuary target levels will benefit the downestuary problem however
lower estury regions are also under the influence of more seaward regions
because of the twolayer circulation pattern in much of the gay system
Recognizing these constraints the CbP has nonetheless made an attempt to
develop target criteria for nutrients and toxic substances Table 7

provides the best estimate of the relationship between these criteria and
environmental quality objectives Broad ranges between classes as well as
the small number of classes illustrates the lack of precision in setting
class limits It is anticipated that both accuracy and precision can be
improved dramatically in the near future



TABLE 6 SOME RELATIONSHIPS BETWEEN LIVING RESOURCES SYSTEM FEATURES
NUTRIENTS AND TOXIC MATERIALS

Resource Variable Toxicity Index

Diverse open water

fishery tidal freshwater
and oligohaline waters

SAVI oligohaline to

mesohaline waters

Oysters2 mesohaline
waters of mainBay

Minimially diverse

f inf ishery tidal
freshwater and

oligalialine waters

Surface sediments

selected biota

York Riverlike 07 mg L1 TN

006 mg L1 TP

Note approximately 63 mg L1 DO 45 mg L1 above the pycnocline is

required to maintain 07 mg L1 DO 05 ml L1 at the bottom of the

deep channel of the main Bay

lWill require slight but yet undetermined reduction in levels of TN and TP in
tidalfreshwaters over 06 mg L1 TN and 01 mg L`1 TP

2Approximation based on the assumption that mid1960s data represent a
nominal excursion of oxygenlimiting waters onto the midBay shelf This
estimate needs further calibration

Environmental Variable

Dissolved Oxygen Nutrients

5 mg L1 06 mg L`1 TN
36 ml L1 01 mg L1 TP

06 mg L1 TN
01 mg L1 TP

25 mg L1 035 mg L1 TN
18 ml L1 004 mg L1 TP

4 mg LI TED

29 ml L1

Low 10
Medium 10 to 100
High 100



TABLE 7 A FRAMEWORK FOR THE CHESAPEAKE BAY ENVIRONMENTAL QUALITY
CLASSIFICATION SCHEME

Class Quality objectives Quality TI TN TP

A Healthy supports maximum diversity Very low 1 06 008
of benthic resources SAV enrichment
and fisheries

B Fair moderate resource diversity moderate 110 0610 008014
reduction of SAy enrichment

chlorophyll occasionally
high

C Fair a significant reduction in high 1120 1118 015020
to resource diversity loss of enrichment

Poor SAV chlorophyll often high
occasional red tide orbluegreenalgal blooms

D Poor limited pollutiontolerant significant 20 18 020
resources massive red enrichment
tides or bluegreen algal
blooms

Note TI indicates Toxicity Index
TN indicates Total Nitrogen in mg L`1
TP indicates Total Phosphorus in mg L1

Class C represents a transitional state on a continuum between classes B
and D
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SECTION 1

POPULATION DATA FOR THE CHESAPEAKE BAY BASIN

METHODOLOGY

Population statistics were compiled for the years 1950 to 2000 for

the Chesapeake Bay basin and its major subbasins Historical

estimates 1950 through 1980 were derived from the US Population
Census The following sources of data on population projections 1990
and 2000 include state estimates based upon the 1980 Census unless
noted otherwise

Delaware Office of Management Budget and Planning
District of Columbia Bureau of Economic Analysis US Dept of

Commerce

Maryland Department of State Planning
New York New York Department of Environmental

Conservation

Pennsylvania Department of Environmental Resources

Virginia Department of Planning and Budget
West Virginia Department of Economic and Community

Development

The state projections used have been approved by the EPA for use
in water quality management planning Data for counties situated in

more than one subbasin were converted to subbasin level data in

proportion to the estimated county land area in each subbasin data
for Pennsylvania were aggregated to the subbasin level by a more
accurate analysis by the state

The data have been aggregated in the following tables
Table 1 Chesapeake Bay
Table 2 Chesapeake Bay
Table 3Chesapeake Bay
Table 4Chesapeake Bay
Table 5Chesapeake Bay

Basin Population 1950 to 2000
Basin Population by State
Basin Population Above and Below the Fall Line
Basin Population by Major River Basin and

Basin Population by Minor Subbasin

Data in Table 5 have been plotted in Figure 1 through Figure 16 to

illustrate trends

TABLE 1 CHESAPEAKE BAY BASIN POPULATION 1950 TO 2000 IN THOUSANDS

1950 1960 1970 1980 1990 2000

84475 100187 117723 126526 137436 145674
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Figure 1 Population trends from 1950 to 2000 in the Susquehanna
basin mouth to Harrisburg
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Figure 2 Population trends from 1950 to 2000 in the Susquehanna
basin Harrisburg to Sunbury
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Figure 3 Population trends from 1950 to 2000 in the Susquehanna
basin Juniata subbasin
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Figure 4 Population trends from 1950 to 2000 in the Susquehanna

basin West branch
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Figure 5 Population trends from 1950 to 2000 in the Susquehanna
basin above Sunbury
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Figure 6 Population trends from 1950 to 2000 in the West Chesapeake

basin
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Figure 7 Population trends from 1950 to 2000 in the Eastern Shore
basin
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Figure 8 Population trends from 1950 to 2000 in the Patuxent basin
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Figure 9 Population trends from 1950 to 2000 in the Potomac above
the fall line
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Figure 10 Population trends from 1950 to 2000 in the Potomac below
the fall line
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Figure 11 Population trends from 1950 to 2000 in the Rappahannock

basin
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Figure 13 Population trends from 1950 to 2000 in the York basin
above the fall line
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Figure 14 Population trends from 1950 to 2000 in the York basin
below the fall line
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Figure 15 Population trends from 1950 to 2000 in the James basin

above the fall line
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Figure 16 Population trends from 1950 to 2000 in the James basin
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TABLE 2 POPULATION IN THE CHESAPEAKE BAY BASIN 1950 TO 2000 BY STATE

in 000s

New York

Pennsylvania

Maryland

Delaware

District of

Columbia

West Virginia
Virginia

Total

1950 1960 1970 1980 1990 2000

5513 6168 6561 6588 7181 7550
26137 27200 28774 31020 33120 33938
23198 30749 38939 41879 44760 47274

488 712 847 981 1076 1217

8022 7640 7565 6340 6320 6260
1189 1207 1255 1580 1931 2288

19928 26511 33782 38138 43048 47147

84475 100187 117723 126526 137436 145674

TABLE 3 POPULATION IN THE CHESAPEAKE BAY BASIN 1950 TO 2000 BY AREAS ABOVE

AND BELOW THE FALL LINE

1950 1960 1970 1980 1990 2000

in 0O0s

Above the

Fall Line

Below the

42882 47152 51849 57323 62939 60498

Fall Line 41593 53035 65874 69203 74497 79176

Total 84475 100187 117723 126526 137436 145674

TABLE 4 POPULATION IN THE CHESAPEAKE BAY BASIN 1950 TO 2000 BY MAJOR

RIVER BASIN

7950 1960 1970 1980 1990 2000

in OO0s
Susquehanna 30967 32683 34688 36935 39612 40806

Eastern Shore 2827 3324 3565 4155 4517 4859
W Chesapeake 13656 16622 18600 18749 19252 19939
Patuxent 1956 3465 5865 6781 7762 8511
Potomac 21068 25755 33976 36596 40658 43908

YorkRappahannock 2173 2482 3300 4061 4675

James 12063 15155 18547 20010 21574 22876

Total 84475 100187 117723 126526 137436 145674

B10



TABLE 5 POPULATION IN CHESAPEAKE BAY BASIN 1950 TO 2000 IN THOUSANDS BY

MINOR BASINS

Minor Basin

Susquehanna
above Sunbury
West branch

below Harrisburg

SunburyHarrisburg
to Juniata

Eastern Shore

West Chesapeake
Patuxent

Potomac

above the fall line

below the fall line

Rappahannock
above the fall line

below the fall line

York

above the fall line

below the fall line

Pi anka tank and

Mobjack Bay
James

above the fall line

below the fall line

1950 1960 1970 1980 1990 2000

13879 13919 14370 14563 15625 16198

3576 3780 3968 4307 4599 4733

6907 8210 9387 10681 11536 11814

3864 3930 4128 4402 4705 4845

2741 2838 2635 2982 3147 3216

2827 3324 3565 4155 4517 4859
13656 16622 18600 18749 19252 19939

1956 3465 5865 6781 7762 8611

7576 9717 11884 14046 16014 17580

13492 17048 22092 22550 24644 26328

514 560 642 861 1072 1238

446 475 508 638 758 856

438 471 547 786 1012 1197

361 479 582 755 906 1028

179 188 203 260 313 356

3387 3721 4088 4695 5229 5677

8676 11434 14459 15315 16345 17199



SECTION 2

LANDUSE METHODOLOGY AND DATA

It is difficult if not impossible to derive precise landuse
statistics for the Chesapeake Bay basin There is as yet no accepted
national system and states and lower political subdivisions tend to

collect landuse information only sporadically using many different
methods As with population land use is rarely compiled by watershed
The exception is the Maryland Automated Geographic Information System
MAGI used by the State of Maryland

Gaining a picture of past landuse trends is difficult because of the

lack of information prior to the early 1970s Reliable information even
for the recent past is not consistently available throughout the

watershed The first landuse mapp of the Bay was done experimentally by

the USGS as part of the CARETS project This information was used by the

Corps of Engineers in their existing conditions study but unfortunately
it does not exist for the whole basin The figures are by county and
there is some question about the accuracy of this data

More recently the USGS has mapped land use for all of the states in

the basin but has only generated statistics for Pennsylvania Delaware
District of Columbia West Virginia and a small portion of Maryland This

analysis is known as The Land Use and Land Cover System and is related to

an earlier system called LUDA

Maryland has had a computerized landuse information system MAGI since

1973 New York has had a similar system LUNA Virginia has had no state
landuse inventory Pennsylvania has helped finance data analysis of the

USGS land Use and Land Cover System for state needs

Although there is no consistent accounting of landuse trends in the

Chesapeake Bay Basin several sources of information do indicate major
shifts in land use throughout the region Statistics on agricultural
landuse have been collected using surveys and other methods by the Census
Bureau since the mid 1800s In addition the US Forest Service has been

conducting periodic state forest resource surveys since the 1940s Because
there are some biases in the data from these sources it is misleading to

compare them directly with data obtained from maps These surveys are
however reasonable estimates and are internally consistent because data

have been collected using similar methods over time

These two sources were used to develop a set of consistent basinwide
landuse statistics on cropland pasture land forest land and other

land which indicate major shifts in land use Data are reported by county
in the two sources described above With the adjustment factors used in
the population analysis data for each county that drains to more than one
subbasin were disaggregated in proportion to the county land area in each
subbasin

Census of Agriculture data are collected every four or five years For

this analysis the 1949 1959 1964 1969 1978 records were used to

represent 1950 1960 1965 1970 and 1980 respectively The landuse



data in the 1969 Census of Agriculture were collected using sampling

techniques that differed from other Census years so this data set was not

used to look at trends To construct trends estimates were extrapolated

from adjacent record years to represent agricultural land use in 1955

1970 and 1975 Total cropland was calculated as the sum of two of three

census cropland categories cropland harvested and cropland not

harvested and not pastured excluding cropland used only for pasture
This third land use was added to woodland pastured and other pasture to

represent total pasture land Farmland reported in the Census and not

included in this analysis was contained in the categories woodland not

pastured and other land The total cropland and total pastureland
shown in the Census therefore would not agree with the CBP estimates

The US Forest Service has been conducting periodic state forest

resource surveys since the 1940s Surveys conducted for the states in the

Chesapeake Bay basin are shown below in Table 6 Unfortunately surveys

were not conducted on a regular basis as in the Census of Agriculture so

surveys closest to 1955 1965 and 1975 were chosen to represent these

years For the trend analysis it was assumed that 1950 forest cover was

equal to 1955 and 1980 forest cover was equal to 1975 data For 1960 and

1970 estimates were made by extrapolating from 1955 1965 and 1975 data

Where no reliable Timber Survey or Census of Agriculture data existed

missing figures were estimated by extrapolation

TABLE 6 US FOREST SERVICE TIMBER SURVEYS CONDUCTED FOR BAYAREA

STATES BETWEEN 1950 AND 1980 AND USED TO CONSTRUCT LANDUSE

TRENDS

CBP Analysis Year 1950 and 1955 1965 1975 and 1980

Maryland Timber Survey 1950 1964 1976

Pennslyvania Timber Survey 1955 195 1978

Virginia Timber Survey 1957 1965 1976

Delaware Timber Survey 1972 1972

West Virginia Timber Survey 1975
Timber survey categories varied by state and year They included total

commercial private public and noncommercial and total forest land

Total forest land was used to indicate the percent forested land in the

trend analysis For counties covering more than one basin adjustment

factors percent county land area in each subbasin disaggregated data to

the subbasin level

Historical forest and agricultural data were then summarized for each

county and subbasin The land in each county not accounted for by the

Census of Agriculture or Timber Surveys was placed in the category called

other land This catchall category may include residential commercial

other urban land uses institutional land wetlands highways idle or

other types of land uses For example two subbasins have high above 10

percent percentages of other land in 1950 the Eastern Shore 210
percent which has extensive wetlands and the West Chesapeake basin

147 percent which encompasses the urbanized Baltimore and Annapolis



region The subbasins which show the greatest increases in urban land
from 1950 to 1980 are also those which experienced the greatest population
growth Potomac Patuxent and West Chesapeake

Most of the increases in other lands between 1950 and 1980 are
assumed to be due to growth in primarily residential commercial and other
urban lands and secondarily to the establishment or expansion of military
bases other Federal lands universities and other institutions occupying
large tracts of land The tremendous growth of other land in the
Patuxent basin 34 to 354 for example may be accounted for by
residential and commercial growth in the Laurel Columbia Bowie Crofton
and Lexington Park areas although expansion of institutional and public
lands has also played an important role Further analysis is needed to
determine how much land acreage was established and when for the

following and compare this information with data of groundbreaking and
expansion of towns noted above Patuxent Naval Air Station Patuxent
Wildlife Research Center Bowie State College Fort Meade Agricultural
Research Center BaltimoreWashington Parkway Rocky Gorge Tridelphia Dam
etc The Eastern Shore other land increased by only onethird 207 to301 however the total rose 10 percentage points Further analysis
would help determine the primary landuse conversions in this area In

summary the other landuse category is assumed to indicate the relative
rates of urbanization throughout the bay basin

Historical land use estimates for cropland pasture forest and other
land uses are presented in Table 7 through Table 10 as follows

Table 7 Estimated Land Use in the Chesapeake Bay Basin 1950 1955
1960 1965 1970 1975 1980

Table 8 Estimated Land Use in Major Subbasins of the Chesapeake Bay
1950 to 1980

Table 9 Estimated Land Use in Minor Subbasins of Chesapeake Bay Basin
1950 to 1980

Table 10 Estimated Land Use in Chesapeake Bay Basin by State 1950 to
1980 and

Table 11 Chesapeake Bay Basin Land Area by State

In addition trends in each of the minor subbasins are plotted in Figure
17 through Figure 32



SUSQUEHANNA MOUTH TO HARRISBURG

LANDUSE YR PERCENT
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Figure 17 Landuse trends from 1950 to 1980 in the Susquehanna basin

mouth to Harrisburg
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SUSQUEHANNA HARRISBURG TO SUNBURY
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Figure 18 Landuse trends from 1950 to 1980 in the Susquehanna basin

Harrisburg to Sunbury
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SUSQUEHANNA JUNIATA
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Figure 19 Landuse trends from 1950 to 1980 in the Susquehanna basin

Juniata subbasin



SUSQUEHANNA WEST BRANCH
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FOREST 1950

1 955

1960

1965

1970

1975

1980

PASTURE 1950

1955

1960

1965

1970

1 975

980

CROPLAND 1950

1955

1960

1965

1970

1975

1980

OTHER 1950

1955

1960

1965

1970

1 975

1980

0 20 40 60 80 100

PERCENT

742

742

786

829

81 2

795

795

71

62

53

46

42

38

33

127

117

106

98

94

90

86

S8

77

53

25

50

75

83

Figure 20 Landuse trends from 1950 to 1980 in the Susquehanna basin
West branch
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SUSQUEHANNA ABOVE SUNBURY
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Figure 21 Landuse trends fram 1950 to 1980 in the Susquehanna basin

above Sunbury

B19



EASTERN SHORE
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Figure 22 Landuse trends from 1950 to 1980 in the Eastern Shore
basin
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Figure 23 Landuse trends from 1950 to 1980 in the West Chesapeake

basin
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PATUXENT
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Figure 24 Landuse trends from 1950 to 1980 in the Patuxent basin



POTOMAC ABOVE FALL LINE

LANDUSE YR PERCENT

FOREST 1950 487

1955 487

1960 493

1965 500

1970 535

1975 569

1980 569

PASTURE 1950 255

1955 242

1960 230

1965 220

1970 208

1976 195

1980 183

CROPLAHO 1950 227

1955 207

1960 186

1965 174

1970 171

1975 168

1980 165

OTHER 1950 29

1955 62

1960 89

1965 104

1970 85

1975 66

1980 81

10 20 30 40 50 60

PERCENT

Figure 25 Landuse trends from 1950 to 19$0 in the POComac basin

above the fall line



POTOMAC BELOW FALL LINE
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Figure 26 Landuse trends from 1950 to 1980 in the Potomac basin
below the fall line



RAPPAHANNOCK
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Figure 27 Landuse trends from 1950 to 1980 in the Rappahannock

basin
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Figure 28 Landuse trends from 1950 to 1980 in the York basin above
the fall line
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YORK BELOW FALL LINE
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Figure 29 Landuse trends from 1950 to 1980 in the York basin below
the fall line



PIANKATANK AND MOBJACK BAY

LANDUSE YR PERCENT
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Figure 30 Landuse trends from 1950 to 1980 in the Piakatank River
and Mobjack Bay



JAMES ABOVE FALL LINE

LANDUSE YR PERCENT
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Figure 31 Landuse trends from 1950 to 1980 in the James basin

above the fall line
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TABLE 8 ESTIMATED LAND USE IN MAJOR SUBBASINS OF THE CHESAPEAKE BAY BASIN
1950 TO 1980

Basin

Estimated

Ac re Me
Land

Use 1950 1955 1960 1965 1970 1975 1980

Susquehanna
24 1 22 8 21 4 20 1 4319 18 77 18 3

13370000 P 120 110 100 90 813 727 64
F 566 574 602 629 624 618 613
0 93 88 84 80 100 122 142

West Chesapeake
C 27 8 24 9 22 0 21 5 918 316 13 7

1025000 P 153 140 127 113 93 73 54
F 422 422 418 414 372 331 331
0 147 189 235 259 346 433 479

Eastern Shore

C 33 3 33 5 338 348 337 325 314
2725000 P 83 72 61 44 36 28 19

F 378 378 384 391 378 365 365
0 207 215 217 217 249 282 301

Patuxent

C 247 225 202 186 174 163 151
603000 P 167 138 108 99 86 73 60

F 552 552 533 514 475 435 435
0 34 86 156 200 265 329 354

Potomac

C 221 202 182 170 167 164 161
9027000 P 233 225 208 197 185 174 162

F 546 510 448 386 473 560 647
0 72 88 84 80 100 122 142

Rappahannock
C 18 5 717 16 8 116 416 716 17 0

1620000 P 189 196 203 197 186 174 163
F 560 571 582 574 582 590 598
0 66 56 47 68 68 69 69

YorkPiankatank

C 14 4 13 2 11 9 1 3 51 811 12 01 1

1950000 P 99 90 80 80 72 65 57
F 664 676 688 700 700 701 701
0 93 102 113 107 113 116 122

James

C 128 114 99 90 87 85 82
6324000 P 176 166 155 155 144 134 123

F 710 711 713 714 716 718 720
0 10 10 33 41 53 63 75

C = Cropland P = Pasture F = Forest 0 = Other Lands

New Yorks Susquehanna drainage area not included



TABLE 9 ESTIMATED LAND USE IN MINOR SUBBASINS OF THE CHESAPEAKE BAY

BASIN 19501980

Basin

Estimated

Acreage

Land

Use 1950 1955 1960 1965 1970 1975 1980

Susquehanna

Above Sunbury exclud G 234 219 203 188 181 174 167
ing New York drainage P 208 189 171 147 130 114 97

3090260 F 532 532 552 572 582 593 593
0 26 60 74 93 106 120 143

West Branch C 127 117 107 98 94 90 87
4533000 P 72 63 54 47 42 38 34

F 743 743 786 830 813 796 796
0 58 77 53 26 51 76 84

Juniata C 214 200 186 171 165 158 151

2157000 P 113 105 97 91 83 76 68
F 626 626 652 679 679 679 679
0 48 69 64 58 73 87 101

Sunbury to C 332 315 299 276 270 263 250
Harrisburg 1527000 P 80 77 74 69 65 61 57

F 485 485 507 528 517 506 506
0 102 122 120 127 148 170 180

Harrisburg C 465 447 429 419 408 396 385
to Mouth 2063240 P 129 126 123 115 104 94 83

F 278 278 288 299 292 285 285
0 127 148 160 168 196 225 247

West Chesapeake C 278 249 220 215 189 163 137
1137050 P 153 140 127 113 93 73 54

F 422 422 418 414 372 331 331
0 147 189 235 259 346 433 479

Eastern Shore C 333 335 338 348 337 325 314
2733116 P 83 72 61 44 36 28 19

F 378 378 384 391 378 365 365
0 207 215 217 217 249 282 301

Patuxent C 247 225 202 186 174 163 151
603870 P 167 138 108 99 86 73 60

F 552 552 533 514 475 435 435
0 34 86 156 200 265 329 354

continued

B33



TABLE 9 continued

Basin
Estimated

Acreage

Land

Use 1950 1955 1960 1965 1970 1975
1980

Potomac C 228 207 187 417 17 1 16 8 16 5
Above fall

line
6714300 P

F

0

255
487
30

243
487
63

230
494

8 9

221
500
10 5

208

535
8 6

196
570

6 6

183
570

28

Below fall

line 1799400
C

P

F

0

195
154
574
77

178
138
574
110

161
121
564
153

151
101
554
193

149
93

536
222

147
85

517
250

146
76

517
261

Rappahannock
Above fall

line

Below fall

line

1039530

583620

C

P

F

0

C

P

F

0

189
251
536
24

176
79

630
125

178
271
536
15

174
65

630
131

166
289
535
10

172
50

637
141

155
278
534
33

170
52

644
134

154
264
543
39

180
46

652
122

153
250
552
45

190
39

660
111

153
236
552
59

199
32

660
109

York C 152 134 116 108 109 109 110
Above fall 852000 P 140 129 119 125 114 102 91
line F 703 703 701 698 698 697 697

0 05 33 65 69 80 91 102

Below fall 796600 C 132 124 116 112 116 120 123
line P 73 65 56 48 43 38 32

F 680 680 769 738 727 716 716
0 115 131 119 102 114 116 129

Piankatank C 155 146 136 129 133 138 143
280406 P 46 37 29 31 28 25 22

F 592 592 627 664 669 674 674
0 208 226 207 177 170 163 161

James C 124 108 91 81 78 75 72
Above fall 5085000 P 201 190 178 179 168 156 145
line F 726 726 725 723 733 742 742

0 52 23 07 71 2 2 2 7 4 1

Below fall 1155000 C 145 139 132 127 127 128 128
line P 62 60 57 49 42 35 27

F 646 646 648 649 632 615 615
0 146 155 163 175 199 223 230

C = Cropland P = Pasture F m Forest 0 = Other Land
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TABLE 10 ESTIMATED LAND USE IN THE CHESAPEAKE BAY BASIN BY STATE 19501980

Land Use 1950 1955 1960 1965 1970 1915 1980

Maryland C 297 283 269 265 256 248 240
P 151 137 122 106 92 78 64
F 452 452 455 457 430 403 403
0 100 128 154 172 222 271 293

Pennsylvania C 247 233 219 206 200 193 187
P 120 111 102 92 83 75 66
F 570 570 596 622 618 613 613
0 83 86 83 80 99 119 134

Virginia C 157 143 130 121 121 120 120
P 186 176 165 161 153 144 136
F 628 628 632 635 638 641 641
0 39 53 73 83 88 95 103

District of C 09 5 0 0 0 0 0

Columbia P 05 3 0 0 0 0 0

F 0 0 0 0 0 0 0

0
0

0 986 992 100 100 100 100 100

Delaware C 366 371 376 386 389 392 394
P 64 53 41 35F358 358 358 358
0 221West

Virginia C 141 123 104 94 91 87 84
P 282 273 264 252 232 213 193
F 734 734
0 34 11

New Yorkl C 205
P 59
F 605
0 131

1New York is not included in historical analyses 1980 data based upon New

York

State LUNR inventory in Chernung and Susquehanna 303e River Basin Plans
New York Department of Environmental Conservation

C = Cropland P = Pasture F = Forest 0 = Other Land



TABLE 11 CHESAPEAKE BAY BASIN LAND AREA BY STATE

State Total Acres Acres in Basin State in Basin Basin in Slate

Delaware 126 5920 442000 349 11
District of

Columbia 39040 39000 1000 01
Maryland 6138880 5931000 966 146
New York 31728640 3991000 126 98
Pennsylvania 28828800 14177000 492 349
Virginia 25535360 13753000 539 339
West Virginia 15374000 2231000 145 55

TOTAL 40569000 999

= 63390 sq miles

Methodology for Determining Present 1980 Land Use

The CBP set up a basinwide computer model to estimate nutrient
loadings from nonpoint sources Because nonpoint source loadings are
dependent on land cover and landuse the CBP funded a study to estimate
by subbasin the acreage for approximately ten landcover categories using
LANDSAT imagery USGS Level I Land Cover Classification The land cover
analysis was performed on the Eastern Regional Remote Sensing Application
Center ERRSAC HewlettPackard 3000 computer at Goddard Space Center The
landcover data set was developed using the Interactive Digital Image
Manipulation System IDItHS and Geographic Entry System CES software
packages

The landuse categories identified were forest cropland with winter
cover lowtill cropland without winter cover hightill pasture
lowdensity large lot residential medium density residential
highdensity townhousegarden apartment residential
commercialindustrial and idle land Figure 33 illustrates the aerial
coverage of LANDSAT scenes LANDSAT scenes used in the analysis were
photographed between 1977 and 1979 April riay and June were analyzed to
differentiate between minimum and conventionaltillage cropland and are
assumed to represent 1980 landuse patterns Ground truthing of the
LANDSAT data against other landuse data sets and field surveys suggest
that the data on land cover including tillage practices were reliable A
detailed account of the LANDSAT analysis is described in the Chesapeake Bay
Model Final Report Hartigan 1983

The data were aggregated into subbasin units or reaches for use in
the basin model Figure 34 and 35 illustrate the location of individual
subbasins Reaches can be grouped to correspond with the 17 minor
subbasins used for the historical population and landuse trends
analysis Table 12 tabulates present basin landuse acreage by reach
above the fall line and coastal subbasin below the fall line Table
13 sums the figures in Table 12 to the major subbasin level Table 14 is
an example of how to aggregate subbasins to represent the minor subbasin
data are presented elsewhere in the Appendices
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The CBP management study used the basin model to predict nutrient
loadings to the Chesapeakes Lidal waters under present 1980 and future
2000 conditions In addition to estimating greater sewage treatment
plant loadings based on population increases primarily future nonpoint
source loadings were generated by changing landuse data to account for
increasing development To make a worst case future nonpoint source
load all development expected to take place by the year 2000 Lased on
population projections was assumed to take place on existing forested
areas Because nutrient loading rates are least from forest land compared
to cropland or pasture this assumption maximizes the increase in nutrient
loadings due to urbanization Future 2000 land use data are presented in
Table 12b and Table 13 only the forest and urban categories differ from
the 1980 estimates

Agriculture estimates of present 1980 landuse is shown in Table 15

This table indicates that the LANDSAT analysis consistently
overestimates cropland with the exception of the Rappahannock and pasture
land compared to the Census data whereas the Census data overestimate
other lands One explanation is that grassland not used for pasture was
probably included in the pasture LANDSAT category and in the other
category using census of Agriculture data Likewise other vegetated lands
not used for pasture or cropland could have been placed in these categories

When woodland or farms included in the CBP land use data base but
not reported here is added to cropland plus pasture land the percent
total agricultural land is much closer to the LANDSAT total for cropland
plus pasture land It is possible that the resolution in the LANDSAi
analysis was not high enough to separate small parcels of woodland from
cropland or pasture on farms however it is equally possible for the error
to be in the Census data since the latter are based on survey data
Nonetheless differences as large as 10 percent for similar land uses
indicate that landuse data sets have their own biases thus one should be
cautious when comparing one set to another

Another example of the inherent variability among landuse data is the
estimation of tillage practices on Chesapeake Bay cropland The Maryland
Department of Agriculture compared data from the CBPSCS Agricultural
Activities Report Appendix C on the extent of conservationtillage
practices minimum and notill in the Patuxent River basin with data from
a new SCS analysis Cooperative Extension Service and Chesapeake Bay
Program data shown in Table 16 When compared to the CBPs LANDSAT data
on hightill or conventionaltillage and lowtill or
conservationtillage one finds even larger discrepancies although the
LANDSAT estimates are strictly geared toward the degree of vegetative soil
cover and not tillage per se The purpose of any landuselandcover
data set must be known as well as the methods used to generate it only
then can one begin to make valid comparisons

A comparison between the LANDSAT and Timber SurveyCensus of
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LEGEND TO TAILE 12

AGRICULTURAL

CROP= CROP LAND

C TILLCM VENTIONAL TILLAGE

M TILLMINIMUM TILLAGE

PASTURE=PASTURE

URBAN

L LOT=LARGE LOT

MDEN=MEDIUM DENSITY

TIi GA=TMNHOUSEGARDEN

C I=CQ HERCIALINDUSTRIAL

FOREST

FOREST=FOREST

FOR IDLE=FOREST+IDLE
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TABLE 14 REACHES AND SUBBASINS ILLUSTRATED IN FIGURES 35 AND 36
CORRESPONDING TO MINOR SUBBASINS OF THE CHESAPEAKE BAY BASIN

Susquehanna
Above Sunbury

West Branch

Sunbury to Harrisburg
Juniata

Below Harrisburg
Eastern Shore

Patuxent

West Chesapeake
Potomac

Above fall line

Below fall line

Rappahannock
Above fall line

Below fall line

York

Above fall line

Below fall line

Piankatank Mobjack Bay
James

Above fall line

Below fall line

Peach or Subbasin

10 20 30 40

50 60 70

80

90 100

110 120 140

See Table 12

See Table 12

See Table 12

IGO 170 175 180 190 200
210 220

ANACO OCCOQ POTOM

230

GREAT RAPPA COAST 8

235 240 250 260

YORK

PLANK

270 280 290 300 310 320

CHICK ELIZA NANSE JAMES
COAST 9



TABLE 15 LAND USE IN THE CHESAPEAKE BAY BASIN 1980 BY A1AJOR RIVER BASIN

NVPDCLaridsat

Interpretation

Census of AC
US Forest Sere

Susquehanna
Cropland 183 181

Pasture 175 64

Forest 618 618

Urban Other 24 137

Eastern Shore

Cropland 408 314

Pasture 75 20

Forest 502 365

Urban Other 15 301

West Chesapeake

Cropland 230 137

Pasture 193 54

Forest 452 331

Urban Other 125 478

Patuxent

Cropland 206 151

Pasture 207 60
Forest 531 435

Urban Other 56 354

Potomac

Cropland 161 161

Pasture 182 162

Forest 616 560

Urban Other 416 117

Rappahannock

Cropland 155 170

Pasture 196 163

Forest 643 590

Urban Other 06 77

York

Cropland 166 116

Pasture 131 62

Forest 706 706

Urban Other 02 116

James

Cropland 105 82

Pasture 137 123

Forest 726 718

Urban Other 32 77

Total

Cropland 179 165

Pasture 165 97

Forest 626 594

Urban Other 30 144



TABLE 16 PERCENT BREAKDOWN OF CROPPING PRACTICES BY COUNTY IN T1iL

PATUXENT RIVER BASIN

CBPSCD SCS CES Average
Anne Arundel

Conventional 40 60 40 47

Minimum 60 30 40 43

Notill 0 10 20 10

Calvert

Conventional 34 70 75 60
Minimum 66 20 5 30
Notill 0 10 20 10

Charles

Conventional 37 50 30 39

Minimum 60 40 60 53

Notill 3 10 10 8

Howard

Conventional 32 15 15 21

Minimum 0 10 0 3

Notill 68 75 85 76

Montgomery

Conventional 0 10

Minimum 30 20
Notill 70 70

Prince Georges
Conventional 20 60 70 50
Minimum 80 30 15 42
Notill 0 10 15 8

S t Marys
Conventional 100 90 90 93

Minimum 0 0 0 0

Notill 0 10 10 7

CBPSCD Chesapeake Bay Program data from soil conservation

district worksheets

SCS Soil Conservation Service data

CES Cooperative Extension Service data



SECTION 3

METHODOLOGIES FOR DETERMINING THE COSTS OF
POINT SOURCE CONTROLS

NUTRIENT REMOVAL AT POTWS

Nutrient removal costs for publiclyowned sewage treatment works

POTWs will be based on the Computer Assisted Procedure for the Design and

Evaluation of Wastewater Systems CAPDET Program This program was

developed by the EPA several years ago in coordination with the LS Army
Corps of Engineers to assist in preliminary wastewater treatment plant

design and costevaluation requirements In July 1980 the EPA

Construction Grants Program issued Program Operations Menorandum 11803

which accepted CAPDET for the cost evaluation requirements in Step I

facilities planning It was described as representing a stateoftheart
technique for preparations of facilities planning level cost estimates

The scenarios that will be used for upgrading POTWs with nutrient

removal are

1 Total Phosphorus = 2 mg Ll
2 Total Phosphorus = 1 mg L1 and
3 Total Nitrogen = 6 mg L1

The costs will be presented in terms of capital costs operation and

maintenance 0H total present worth and cost per household

Costs based on flows have been developed by running CAPDET at various

flows from 1 million gallons per day HGD through 317 NGD These values

are then used to generate the costs for each POTW Specifics on the CBP

use of CAPDET follow

1 To get upgrade costs there were three CAPDET runs made for each

flow These were secondary secondary with phosphorus removal
and secondary with nitrogen removal The costs for the secondary

plant were subtracted from the others to give upgrade costs for

nutrient removal

2 Municipal upgrade costs for strategies applied to existing 1980
loads are based on 1980 operational flow and municipal upgrade
costs for strategies applied to future 2000 loads are based on

projected year 2000 operational flows However actual upgrading

costs would be based on design flow because the entire facility
must be retrofitted not only the operation portion But design
flows have no bearing on nutrient loads and would prevent a

dollarperpound removed cost analysis For example Plant A and

Plant B each have design flows of 100 NGD Plant A has an

operational flow of 4 MGD and Plant B has an operational flow of 8

NNGD If upgrading costs are based on design flow both plants
would have the same retrofitting costs yet the reduction in

nutrient loadings achieved would be twice as great at Plant B than

at Plant A This would distort the

dollarperpoundnutrientremovedpresentvaluecostcalculation Baywide design flow is

30 percent greater than existing 1980 operational flow and

implementation costs for the effluent limitation strategies can be

B50



expected to increase proportionately Future 2000 flows are

projected to be seven percent greater than design capacity This

indicates that additional secondary treatment beyond existing

design capacity will be required to accomodate future flows The

cost to provide the additional secondary treatment is not included

in the future implementation costs of management strategies

3 Household costs and 0 M costs were estimated assuming Federal

construction grant funding The GAPDET program default value was

changed from 75 to 55 percent to reflect the Federal grant

participation for FY 1985 and beyond An argument could be made

that these costs should be developed without any allowance for

Federal funding

4 The CAPDET program uses four different cost indices to update

costs Engineering News Record ENR Marshall and Swift M S
Large City EPA and Pipe Cost The ENR and M S indices were

updated to March 1982 costs in the EPA program The other two

were not being updated and are therefore using 1977 default

values

5 The phosphorus removal process in the CAPDET program consists of

adding a chemical coagulation step which includes an upflow

clarifier and a chemical lime feed system

a The program was run using alum instead of lime and the

capital costs were about 25 percent higher while the 0 M

costs were about the same The CEP will still use lime in

their cost analysis

b CAPDET uses a filter press for sludge dewatering

Unfortunately the costs for this unit process are developed

using parametric equations ie only variable is flow
Therefore even though the phosphorus removal run shows a

greater quantity of sludge produced when compared to the

secondary plant the costs for the filter press are the

same The capital and 0 M costs will therefore be about

5 to 10 percent too low in the CBP program

6 The nitrogen removal process consists of adding

nitrificationdenitrification to a secondary facility The CBP

selected the suspended growth nitrificationdenitrification

process

Methanol Cost Adjustment

a The January 1981 CAPDET Users Manual shows a 1977 methanol cost

of 15¢lb pp 3 to 41but lists 904lb elsewhere p D3
b an earlier Users Manual showed a 90dlb figure and

0

c the EPA InnovativeAlternative Technology Manual shows a September

1976 cost of 50igallon



The CBP has concluded that the CAPDET program is erroneously reading the

unit cost input in terms of cents per gallon instead of cents per pound
Therefore the Program divides by a 59 conversion factor in calculating
methanol costs

in addition it was agreed to update the true methanol costs by the

EPAs Methanol Index which resulted in the following

l5¢ x
944

= 335¢lb 1982 costs422

Then accounting for the error in the CAPDET program

335¢lb x 59 = $198lb

The CBP used the final figure as the input to the CAPDET program to get
an answer that will be based on the 335 lb figure These changes result

in an annual methanol cost of 117959 dollars for 1 bKGD plant as opposed to
the original 12592 dollars This increases the total U ti figure CAPUET
was using by 37 percent for the I MGD plant



SECTION 4

DESCRIPTION OF CHESAPEAKE BASIN MODEL

The estimates of nutrient loadings from the Bays tributaries are based

on results from a set of basinwide computer models developed for the

Chesapeake Bay Program The CBP basinwide watershed model simulates

stream flows and the transport of point and nonpoint pollution loadings

such as sewage treatement plant discharge and cropland runoff from river

basins and coastal watersheds to the Bay and its tidal tributaries The
model routes these loads of nutrients and other substances down the

tributaries to the Bay accounting for degradation of the pollutants along
the way It is a lumpedparameter continuoussimulation model in that the

model continuously calculates water quality processes throughout the

simulation period using data that has been generalized for specific

regions Comprised of three submodels hydrologic rainfall nonpoint

runoff and tributary routing the basin model calculates many processes
including the following infiltration rates soil moisture storage
capacities monthly variations in pollutant loading factors such as

fertilizer applications water temperature changes dissolved oxygen
sediment releases and nutrient cycling and conversions

HYDROLOGIC SUBMODEL

This model is based upon a modified version of the Stanford Watershed

Model It calculates the amount of rainfall converted to runoff a

continuous record of soil moisture during and after rainstorms and

subsurface recharge of stream channels Hydrologic simulations were run

using continuous hourly rainfall records for wet dry and average years
During storm periods rainfall is distributed among surface runoff and soil

moisture storage based upon infiltration rates and soilmoisture storage

capacities for upper and lower zones of soil profiles Between storms
water storage in the soil is reduced by evapotranspiration and stream

recharge thereby freeing up soilmoisture storage capacity for the next

storm The models infiltration rates are based on subbasin soil factors

such as hydrologic soil group permeability total water holding capacity
and depth to restrictive layer Both the infiltration rate and soil

moisture storage capacities are estimated from subbasin data and refined

by calibrating the model with observed streamflow records Parameters

governing stream recharge from ground water are estimated from analyses of

observed hydrographs and refined during calibration

NONPOINT POLLUTION LOADING SUBMODEL

This model is a slightly modified version of the US EPAs NPS Model

US EPA1976 It runs on rainfall intensity records and on the

hydrologic submodels output of surface runoff and subsurface flow

records

For cropland the model assumes that sediment generation and washoff

ie soil loss are the driving forces for loadings of all pollutants
Cropland loadings of sediment which are calculated from rainfall records
are assigned sediment potency factors ie ratio of pollutant mass to

sediment mass to calculate loadings of other pollutants The



representation of cropland areas is enhanced by several model features
such as the capability to assign monthly vegetative cover percentages that

represent seasonal variations in exposed ground cover resulting from crop
growth and harvest and the capability to simulate soil disturbance on
userspecified dates to account for tillage practices For urban and
pasture landuses nonpoint pollution washoff algorithms relate the
washoff of accumulated pollutant loads to the simulated runoff rate in
each timestep Accumulated pollutant loads at the start of a rainstorm
are calculated from the daily pollutant accumulation rates lbsacday
assigned to each landuse classification to represent the buildup of

pollutants on the land surface and in the atmosphere ie air pollution
between rainstorms For the forestland category pollutant loading
calculations are based upon soil loss and potency factors as well as daily
pollutant accumulations with the former more prominent during periods of
low leaf cover ie fall and winter and the latter more prominent during
periods of high leaf cover ie spring and summer

Nonpoint pollution loading factors such as sediment potency factors
and daily pollutant accumulation rates have been developed for the

Chesapeake Bay basin from model calibration studies with CBP test watershed
data and with several other monitoring studies see Chesapeake Bay Basin
Model Final Report Eleven of the 27 CBP test watershed sites used to

calibrate this submodel are described in Table 17 and shown on Figure 36
The model has the capability to use monthly variations in pollutant loading
factors This feature permits a representation of variations in the

pollutant loading potential of cropland areas due to such factors as
fertilizermanure applications crop growth crop harvest etc
Subsurface flow loadings based upon userspecified concentrations are
added to hourly runoff pollution loadings and delivered to the outlet of
each subbasin

RECEIVING WATER SUBMODEL

The hydrologic and nonpoint pollution loading submodels are used to
calculate hourly runoff subsurface flow and pollutant loadings delivered
to stream channel or reservoir by the tributary subbasin The receiving
water submodel combines the hourly streamflow and pollutant loadings from
the subbasin models with daily point source loadings see methodology to

estimate point source loadings below subtracts out water supply
diversions and calculates daily pollutant transport and concentrations
throughout the stream and reservoir system

While all pollutant loading calculations in the nonpoint pollution
loading submodel assume no pollutant decay or transformation the

receiving water model simulates the major physical chemical and

biological processes that change the magnitude and form of pollutants being
transported downstream The onedimensional receiving water model is

operated on an hourly computation interval with the streamflow and
pollutant loading records produced by the hydrologic and nonpoint pollution
loading submodels as well as daily records of solar radiation cloud

cover maximumminimum daily air temperature dewpoint temperature average
wind velocity and precipitationevaporation Streamflow transport is

handled with a form of kinematic wave routing while pollutant transport
out of a given channel reach into a downstream channel reach is based upon
advection ie transport of pollutant by movement of the parcel of water



Figure 36 Location of EPACEP test watershed study sites PequcaCreek A Patuxent River B OccogUan River C WareRiver D and Chester River E



containing it Because the travel time through any reach is significantly
greater than the onehour computational interval plugflow conditions and
negligible dispersion are assumed for pollutant transport calculations

TABLE 17 SUMMARY OF TEST WATERSHED CHARACTERISTICS AND HYDROLOGY
CALIBRATION RESULTS 100 ha = 247 ac

LAND USESITE

Hightillage cropland

REGRESSIONS OF SIMULATED AND OBSERVED FLOW VOLUMES
AREA MONITORED STORMS DAILY STREAMFLOWS

acres N Slope R2 N Slope R
2

Pequea 3 1152 15 076 088 492a 098 070
Ware I

I 7 162 7 072 099LowTillage
cropland

Occoquan i 2 266 8 098 098
Occoquan i 10 258 7 103 099

Pasture

Occoquan f 1 313 5 081 095
Occoquan 5 188 5 107 090

Forest

Pequea 2 1280 18 070 062 222b 07 079
Occoquan a 9 758 7 111 095Ware

I
I 8 174 9 115 097Residential

Pequea t 4 1472 26 086 098 374C 096 084
Ware 5 62 17 080 092allay
23 1979 September 26 1980

bPiay 23 1979 December 31 1979

CMay 23 1979 May 31 1980

These models were verified against water quality monitoring data
collected by the US Geological Survey at the major points of freshwater
flow into the Chesapeake ie the fall lines of the James Potomac and
Susquehanna Rivers The streamflows were calibrated and verified at all
USGS stations from 1966 to 1978 then water quality concentrations were
calibrated from 1974 to 1975 and verified from 1976 to 1978 at USGS water
quality guages throughout the basin As a final check the regression
models developed from the two years of fall line monitoring by USGS were
used with simulated flows from 1974 to 1978 to check loads of pollutants

Following the calibration and verification process the models were
used for production runs to assess water quality impacts and management
options A number of techniques were used to estimate the relative
contributions of point and nonpoint sources to the fallline loadings see
Chesapeake Bay Basin Model Final Report for more detail Initial
production runs described existing 1980 and future 2000 conditions in



the Bay The model also helped to identify the sources contributing to
water quality problem areas in addition to these baseline production
runs the effects of different point and nonpoint control strategies on Bay
water quality were tested As a tool water quality managers will be able
to use and refine the Chesapeake Bay mathematical model to develop
alternatives for more effective control policies for now and for the future



SECTION 5

SUMMARY OF MODELING RESULTS FOR EXISTING CONDITIONS

Existing 1980 nutrient loads to the fall line were simulated based on
1980 point source discharges 1980 land use and average year rainfall

conditions Loadings from individual subbasins within a major drainage
area can help to identify critical areas which contribute significant

portions of the fall line nutrient load Figures 37 38 and 39 delimit

subbasins above the fall line within the Susquehanna Potomac and James
River basins Tables 18 19 and 20 accompany these figures and provide
detailed information on nutrient loadings from within each subbasin Each

table is divided into a nonpoint and b point sources and contains five

columns

a Column A identifies the above the fall line subbasins

_ Column B quantifies the percent of the area above thefall line

that is within the subbasin

_ Column C presents the percent of washedoff nonpoint or point

source discharged load that is delivered to the fall line

_ Column D presents the percent of the total nonpoint or point
source fall line nutrient load coming from the subbasin and

o Column E presents the March to October nonpoint or point source

nutrient loads

Columns C D and E are divided into nitrogen and phosphorus fractions

An illustration of how to use the Figures and Tables may be helpful
For example Figure 37 illustrates that above the fall line the

Susquehanna River drainage area can be divided into four parts the lower

Susquehanna Juniata West Branch and North Branch Table 18 a and b

correspond to Figure 37 Table 18 a shows that the lower Susquehanna
subbasin Column A occupies 20 percent of the land area Column B and

accounts for 41 percent of the phosphorus and 36 percent of the nitrogen

Column D delivered by nonpoint sources to the fall line In this case
82 percent of the phosphorus and 99 percent of the nitrogen washed from

nonpoint sources in the lower Susquehanna River is delivered to the fall

line Column Q Column E is the March to October nonpoint loadings

expressed in pounds Table l7b provides similar information for point

source loads Tables 19 a and b correspond to Figure 38 for the Potomac

River and Tables 20 a and b to Figure 39 for the James River



Susquehanna River Sub Basins

above the Fall Line

Figure 37 Susquehanna River drainage basin and subbasins above the

fall line



Potomac River Sub Basins

above the Fall line

N

Lower Potomac

Harrisburg

PA

Figure 38 Potomac Fiver drainage basin and subbasins above the fall

line



James River Sub Basins

above the Fall Line

Appalachian Ridge Piedmont
and Valley

Norfolk

Figure 39 James River drainage basin and subbasins above the fall
line



SECTION 6

METHODOLOGIES FOR ESTIMATING POINT SOURCE NUTRIENT LOADS
AND POINT SOURCE INVENTORY DATA

ESTIMATION OF NUTRIENT LOADS FROM INDUSTRIAL POINT SOURCES

Types of industrial activity with the potential to discharge the

nutrients TP TN TKN and NH3 4 were identified through discussion with

state and EPA officials The •tandard Industrial Classification SIC
system which classifies industries by their economic activity was used to

assign codes to these discharges Concentrations of nutrients expected to

be found in the effluent from dischargers within a selected SIC category

were obtained from the EPAs Effluent Cuideline Division ECD and the

literature Marylands 1979 NPDES permit compliance monitoring data and

Virginias DMRs were also reviewed for observed nutrient data Industrial

discharge data were based on state DMRs or on NPDES permits In some

cases flow data were not available from the sources and so were estimated

from averages within a particular industrial activity

State officials familiar with dischargers within their jurisdiction

reviewed the loadings assigned to specific dischargers for reasonableness

and completeness These loadings were then incorporated into CBP estimates

of loadings from point and nonpoint sources An inventory of industrial

nutrient dischargers to the Bay follows later in this section Arranged by

major basin the information presented includes major basin location
facility name NPDES number state and phosphorus and nitrogen load in

lbsday Table 21

ESTIMATION OF NUTRIENT LOADS FROM MUNICIPAL POINT SOURCES

The basic strategy for estimating nutrient loads from municipal point

sources or publiclyowned treatment works POTWs called for merging

computerized data bases and accessing state and facility effluent

monitoring data

Although the merging of data bases generated an inventory of POTWs and

provided a substantial amount of information concerning their flow level

of treatment and location it did not provide information concerning the

concentration of nutrients in effluents To obtain this information the

Maryland Department of Health and Mental Hygiene the office of

Environmental Programs OEP the Virginia State Water Control Board

VSLJCB and the Pennsylvania Department of Environmental Resources DER
were contracted Each state staff was requested to provide 1980 data on

operational flow total nitrogen TN total phosphorus TP fiveday

biological oxygen demand BOD5 and total suspended solids SED
concentrations for the POTWs larger than 05 MGD within their political

boundaries The response from state staffs was very good and the CBP data

base was updated In cases where state information was incomplete the

POTWs were contacted for the missing information

Table 22 provides an inventory of municipal treatment plants located in

the Chesapeake Bay basin Arranged by major basin it indicates facility

name 1980 flow year 2000 projected flow NPDES permit number type of



treatment and concentrations of nutrients nitrogen and phosphorus
conventional pollutants BOD5 and TSS and total residual chlorine RC
obtained through this methodology The values listed in Table 22 were then
used to calculate the nutrient load from municipal point sources



TABLE 18a SIMULATED LOADS LBS SOURCES AND DELIVERY PERCENTAGE

OF NUTRIENTS FROM NONPOINT SOURCES ABOVE THE FALL LINE IN THE

SUSQUEHANNA RIVER BASIN IN AN AVERAGE YEAR MARCH TO OCTOBER

A

NONPOINT

C D E

Percentage Percentage of percentage of Fall line

of basin washed load that total NPS fall nutrient load

area is delivered to line load from lbs MarOct
the fall Line indicated subbasin

Subbasin Total P Total N

West Branch 26 50 73

North Branch 42 27 61

Juniata 12 27 75

Lower

Susquehanna 20 82 99

TOTAL 100 46 77

Total P Total N Total P Total N

28 20 617000 10476000
27 33 595000 17285000

4 11 88000 5762000

41 36 904000 18857000

100 100 2204000 52380000

TABLE 18b SIMULATED LOADS LBS SOURCES AND DELIVERY PERCENTAGE

OF NUTRIENTS FROM POINT SOURCES ABOVE THE FALL LINE IN THE

SUSQUEHANNA RIVER BASIN IN AN AVERAGE YEAR MARCH TO OCTOBER

POINT

A B C D E

Percentage Percentage of Percentage of Fall line

of basin discharge that point source fall nutrient load

area is delivered to line load from lbs MarOct

the fall line indicated subbasin

Subbasin Total P Total N Total P Total N Total P Total N

West Branch 26 11 5 35000NorthBranch 42 11 33 230000Juniata12 16 5 35000Lower
Susquehanna 20 59 57 396000TOTAL

100 22 100 696000 5820000

B64



TABLE 19a SIMULATED LOADS LBS SOURCES AND DELIVERY PERCENTAGE
OF NUTRIENTS FROM NONPOINT SOURCES ABOVE THE FALL LINE IN THE
POTOMAC RIVER BASIN IN AN AVERAGE YEAR MARCH TO OCTOBER

A B C

Percentage Percentage of

of basin washed load that

area is delivered to

the fall line

NONPOINT

D E

Percentage NPS Pall line

fall line load nutrient load

from indicated lbs MarOct
subbasin

Subbasin Total P Total N Total P Total N Total P Total N

Upper Potomac 57 65 86 45 55 327000 8217000
Shenandoah 26 65 80 25 25 181000 3735000
Monocacy 9 79 86 12 11 87000 1643000
Lower Potomac 8 85 86 18 9 131000 1345000

TOTAL 100 69 84 100 100 726000 14940000

TABLE 19b SIMULATED LOADS LBS SOURCES AND DELIVERY PERCENTAGE
OF NUTRIENTS FROM POINT SOURCES ABOVE THE FALL LINE IN THE

POTOMAC RIVER BASIN IN AN AVERAGE YEAR MARCH TO OCTOBER

POI NT

A B C D E

Percentage Percentage of Percentage of Fall line NPS

of basin discharge that point source fall load
area is delivered to line load from lbs MarOct

the fall line indicated subbasin

Subbasin Total P Total N Total P Total N Total P Total N

Upper Potomac 57 14 31 40000Shd henan oa

Monocacy

26

9

8

32

19

39
24000

50000LowerPotomac 8 68 11 14000

TOTAL 100 17 100 128000



TABLE 20a SIMULATED LOADS LBS SOURCES AND DELIVERY PERCENTAGE OF
NUTRIENTS FROM NONPOINT SOURCES ABOVE THE FALL LINE IN THE JAMES
RIVER BASIN IN AN AVERAGE YEAR MARCH TO OCTOBER

NONPOINT

A B C D C

Percentage
of basin

area

Percentage of

washed load that

is delivered to

the fall line

Percentage of

NPS load from

indicated

subbasin

Fall line

nutrient load

lbs MarOct

Subbasin Total P Total N Total P Total N Total P Total N

Appalachian 48 57 66 46 50 226000 2310000
Ridge

Valley

Piedmont 52 76 81 54 50 266000 2310000

TOTAL 100 66 73 100 100 492000 4620000

TABLE 20b SIMULATED LOADS LBS SOURCES AND DELIVERY PERCENTAGE OF
NUTRIENT FROM POINT SOURCES ABOVE THE FALL LINE IN THE JAMES
RIVER BASIN IN AN AVERAGE YEAR MARCH TO OCTOBER

POINT

A B C D E

Percentage Percentage of Percentage of Fall line
of basin discharge that point source fall nutrient load
area is delivered to line load from lbs MarOct

the fall line indicated subbasin

Subbasin Total P Total N Total P Total N Total P Total N

Appalachian 48 30 10 28000
Ridge

Valley

Piedmont 52 69 90 249000

TOTAL 100 61 100 277000 457000



SECTION 7

PHOSPHORUS BAN NUTRIENT LOAD REDUCTIONS AND COSTS

INTRODUCTION

The phosphorus in municipal influent to POTWs occurs in several forms

including phosphorus in suspended solids polyphosphates and

orthophosphates Human excreta and food solids contribute the insoluble

suspended solid fraction and synthetic detergents contribute the soluble

polyphosphates The soluble orthophosphates are mainly the hydrolysis

products of detergent polyphosphates human wastes and solids containing

phosphorus Most of the insoluble forms of phosphorus can be removed by

conventional primary or secondary treatment processes The soluble

fractions however are only partially removed and may be discharged into

receiving waters where they are available to support eutrophication unless

specific control technology is provided

Phosphorus is used in modern synthetic detergents to bring about

conditions in the wash water which permit cleaning agents to work much more

effectively Currently the average phosphorus content in detergents is

about 6 percent Prior to major reformulation efforts by the detergent

industry in the 1970s the phosphorus content in detergents varied between

9 and 12 percent FolsomOliver 1980 Limiting the concentration of

phosphorus to 05 percent by weight in detergent formulations P ban will

lower the amount of soluble polyphosphates contributed by synthetic

detergents to municipal influent wastewater lower the effluent phosphorus

concentration and in POTWs with phosphorus control reduct sludge disposal

and chemical treatment costs These benefits realized at POWs must be

measured against costs borne by consumers attempting to maintain the same

level of cleaning with detergents containing phosphorus substitutes

ESTIMATION OF CHANCE IN INFLUENTIEFFLUENT

PHOSPHORUS CONCENTRATION

Influent phosphorus concentrations for municipal treatment plants in

the Hampton Roads Sanitation District and Metropolitan Washington DC

averaged 91 mg L1 and 83 mg L1 respectively For the purpose of

this analysis the average of these two values 87 mg L1 will be

considered to be the average influent phosphorus for treatment plants in

the Chesapeake Bay area The Soap and Detergent Association SDA has

estimated the per capita consumption of detergent phosphorus to be 04
kgcapitayear Based on this per capita consumption of phosphorus MASS
and water consumption of 133 gallons per capita per day VOLUME 22 mg

L1 or 25 percent Concentration = MASSVOLUME of the total influent

phosphorus concentration is attributable to synthetic detergents The CBP

estimates the 25 percent expected reduction in influent phosphorus will

translate into a 30 percent reduction in effluent phosphorus

concentration This estimate is based on observations at Blue Plains

during the 1969 to 1979 time frame which indicated that biological

incorporation of phosphorus through the treatment process will remain the

same before and after a ban Jones 1982



SAVINGS AT POTWS

For plants already employing phosphorus control technology aphosphorus ban would have a minimal impact on phosphorus loadingsHowever it Could be expected to lower annual chemical treatment and sludgedisposal costs

Barth 1978 estimated that a 25 percent reduction in 0 M costs wouldbe realized if influent phosphorus concentrations were reduced 50 percentApplying the ratio between influent phosphorus concentrations and 0 Msavings it is estimated that 0 M costs for POTWs with phosphorus controlin the Chesapeake Bay drainage area would be reduced 15 percent Jones1981 estimated annual 0 M savings of 12000 dollars per million gallonstreated at POTWs with phosphorus removal as a result of a phosphorus banWhen Jones estimates of savings are compared to total _ M costs forphosphorus control at a 1 and 317 MG D treatment plant they represent 9 and23 percent respectively of 0 M costs for phosphorus removal Based onthese figures the CBP estimated that a 15 percent reduction in phosphorus0 M removal costs would be realized with a phosphorus ban

CONSUMER COSTS

According to a report prepared for the SDA FolsomOliver 1980household cleaning costs will increase between 429 and 1110 dollars perhousehold 27 persons per year if a phosphorus ban is imposed Theincreased consumer costs arise from increased use of hot water laundrybleaches and softeners to achieve similar cleaningwashing results TheCBP used the average of this range of values 770 dollars in calculatingannual consumer costs for residents of the Chesapeake Bay watershed
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SECTION 8

ALTERNATIVE NUTRIENT REMOVAL TECHNOLOGY BIOLOGICAL

Biological phosphorus removal provides an alternative to chemical
treatment methods It can be developed in activated sludge systems by

cyclically subjecting the mixed liquor to anerobic lack of nitrate
nitrite or oxygen and aerobic presence of oxygen conditions Although
factors affecting biological phosphorus removal are not completely
understood ie biological phosphorus removal mechanisms effluent
concentrations of 1 to 2 mg L1 phosphorus are obtainable None of the
three biological phosphorus proprietary processes described below are
generically classified as InnovativeAlternative processes by the US
EPA Due to significant engineering costs biological phosphorus removal
is not recommended for plants discharging less than 50 3CD

THE ANEROBICOXIC SYSTEM

The AnerobicOxic System relies on the concept of luxury phosphorus
uptake by which certain sewage organisms are induced to store large amounts
of polyphosphate By wasting a portion of the organisms phosphorus is
removed from the wastewater Any activated sludge process can be modified
to incorporate the AnerobicOxic process The process is relatively new
but operation of pilot plants in Allentown Pennsylvania Rochester New
York and Largo Florida have been very successful Currently a pilot
plant is scheduled to go into operation in July 1982 at the Patapsco
wastewater treatment plant The Cox Creek POTW and several facilities

administered by the Washington Suburban Sanitary Commission are also

considering the AnerobicOxic process In addition to phosphorus removal
the AnerobicOxic process can accomplish biological denitrification

PHOSTRIP

Phostrip is a combined biologicalchemical precipitation process
based on the use of activated sludge microorganisms to transfer phosphorus
from incoming wastewater to a small concentrated substream for removal by
chemical precipitation The chemicalphosphorus reaction is pr dependent
rather than stoichiometric Therefore the quantity of the chemical lime
required is related more to the quantity of liquid treated than to the

quantity of phosphorus contained in the liquid Phostrip is a relatively
new developement in municipal wastewater treatment Large scale
evaluations conducted at Seneca Falls New York and RenoSparks Nevada
have been favorable Phostrip offers a dramatic saving in operating costs
as a result of the reduced chemical requirement and sludge disposal costs

BARDENPHO

The Bardenpho Process is an activated sludge process designed to

accomplish both biological nitrogen and phosphorus removal Phosphorus is
removed from the system in the waste sludge yielding effluent phosphorus
concentrations of 1 to 2 mg L1 The process was developed in South
Africa in the early 1970s and is currently employed at plants in Palmetto
Florida and Kelowna British Columbia Canada

0



SECTION 9

ESTIMATED COSTS AND PERCENT CHANCES IN NUTRIENT LOADS FOR

DIFFERENT MANAGEMENT STRATEGIES

Tables 23 through 30 provide detailed information on nutrient reduction

costs for management strategies applied to existing 1980 and future

2000 nutrient loads Table numbers followed by the letter a address

existing loads and table numbers followed by b address future loads

For each strategy tested the tables provide information on the estimated

percent change in nutrient loads the capital 0 M and presentvalue

costs the presentvalue cost to remove one pound of nutrient and the

estimated monthly increases in household costs pursuant to implementation

of the strategy
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SECTION 10

DETAILED POINT AND NONPOINT SOURCE NUTRIENT LOADS

In addition to summarizing information presented in Tables 5 and 6 ofmain text Tables 31 through 38 indicate what percent of the basins totalnutrient load comes from above or below the fall line and the percentattributable specifically to industrial and municipal point sourcesActual streamflow volumes inches that were simulated by the ChesapeakeBay watershed model during different rainfall conditions are also presented



TABLE 31 POINT AND 14ONPOINT SOURCE NUTRIENT LOADS FOR THE SUSQUEHANNA
RIVER BASIN

A PHOSPHORUS

1 Pounds March through October and Percentage of Total Load from Above
and Below the Fall Line

Above the Fall Line Below the Fall Line TOTAL
Rainfall Pounds y of Total Pounds of Total

Dry 2070000 100 0 0 2070000
Average 2900000 100 0 0 2900000
Wet 6300000 100 0 0 6300000

2 Percentage from Point and Nonpoint Sources

Above the Fall Line Below the Fall Line TOTAL
Rainfall PS NPS PS NPS PS NPS

M I M+ I C 0 C+0 M I M+I C 0 C+O M I M+I C 0 C+0

Dry 17 7 24 0 0 17 7 24Average16 7 23 60 17 77 0 0 16 7 23 60 17 77
Wet 8 4 12 77 11 88 0 0 8 4 12 77 11 88

B NITROGEN

1 Pounds March through October and Percentage of Total Load from Above
and Below the Fall Line

Above the Fall Line Below the Fall Line TOTAL
Rainfall Pounds of Total Pounds of Total

Dry 47300000 100 0 0 47300000
Average 58200000 100 0 0 58200000
Wet 105000000 100 0 0 105000000

2 Percentage from Point and Nonpoint Sources

Above the Fall Line Below the Fall Line TOTAL
Rainfall PS NPS PS NPS PS NPS

M I M+ I C O C+0 M I M+ I C 0 C+0 M I hHI C 0 C+0

Dry 9 1 10 90 0 0 9 110 90

Average 9 1 10 85 5 90 0 0 9 1 10 85 5 90

Wet 5 1 5 91 4 95 0 0 5 1 5 91 4 95

LEGEND

PS Point Sources NPS Nonpoint sources
M POTW or municipal wastewater C Cropland
I Industrial 0 Other

Simulated streamflow volumes inches MarchOctober
Susquehanna Dry 87 Average 117 Wet 177



TABLE 32 POINT AND NONPOINT SOURCE NUTRIENT LOADS FOR THE WEST CHESAPEAKE BASIN

A PHOSPHORUS

1 Pounds March through October and Percentage of Total Load from Above
and Below the Fall Line

Above the Fall Line Below the Fall Line TOTAL
Rainfall Pounds 7 of Total Pounds of Total

Dry 0 0 2173000 100 2173000
Average 0 0 2391000 100 2391000Wet 0 0 3045000 100 3045000

2 Percentage from Point and Nonpoint Sources

Above the Fall Line Below the Fall Line TOTAL
Rainfall PS NPS PS NPS PS NPS

M I M+ I C 0 C+0 M I M+I C 0 C+O M I M I C O C+0

Dry

Average

Wet

B NITROGEN

0

0

0 91 2 93 7 91 2 93 7

0 83 2 85 8 7 15 83 2 85 8 7 15
0 66 1 67 25 8 33 66 1 67 25 8 33

J Pounds March through October and Percentage of Total Load from Above
and Below the Fall Line

Above the Fall Line Below the Fall Line TOTAL
Rainfall Pounds of Total Pounds 7 of Total

Dry 0 0 13594000 100 13594000
Average 0 0 15984000 100 15984000
Wet 0 0 22084000 100 22084000

2 Percentage from Point and Nonpoint Sources

Above the Fall Line Below the Fall Line TOTAL
Rainfall PS NPS PS NPS PS NPS

M I M+ I C 0 C+O M I M3 I C 0 C+O M I M+ I C 0 C+O

Dry 0 0 72 13 85 15 72 13 85 15

Average 0 0 61 11 72 20 8 28 61 11 72 20 8 28
Wet 0 0 44 8 52 40 8 48 44 8 52 40 8 28

LEGEND
PS Point Sources NPS Nonpointsources

M POTW or municipal wastewater C Cropland
I Industrial 0 other

Simulated streamflow volumes inches MarchOctober
West Chesapeake Dry 26 Average 69 Wet 157



TABLE 33 POINT AND NONPOINT SOURCE NUTRIENT LOADS FOR THE EASTERN SHORE BASIN

A PHOSPHORUS

1 Pounds March through October and Percentage of Total Load from Above

and Below the Fall Line

Above the Fall Line Below the Fall Line TOTAL

Rainfall Pounds 2 of Total Pounds of Total

Dry 0 0 760$000 100 760000

Average 0 0 833000 100 833000
Wet 0 0 2117000 100 2117000

2 Percentage from Point and Nonpoint Sources

Above the Fall Line Below the Fall Line TOTAL

Rainfall PS NPS PS NPS PS NPS

M I M11 C 0 C+O M I M+I C _ C+O M I MII C O C+O

Dry 0 0 34 10 44 56 34 10 44 56

Average 0 0 31 9 40 50 10 60 31 9 40 50 10 60

Wet 0 0 12 4 16 79 5 84 12 4 16 79 5 84

B NITROGEN

1 Pounds March through October and Percentage of Total Load from Above

and Below the Fall Line

Above the Fall Line Below the Fall Line TOTAL

Rainfall Pounds of Total Pounds of Total

Dry 0 0 7191000 100 7191000
Average 0 0 8741000 100 8741000
Wet 0 0 20901000 100 20901000

2 Percentage from Point and Nonpoint Sources

Above the Fall Line Below the Fall Line TOTAL

Rainfall PS NPS PS NPS PS NPS

M I M+I C O C+0 M I MII C 0 C+O M I M+I C O C+O

Dry 0 0 10 3 13 87 10 3 13 87

Average 0 0 8 2 10 83 7 90 8 2 10 83 7 90

Wet 0 0 3 1 4 92 4 96 3 1 4 92 4 96

LEGEND

PS Point Sources NPS Nonpoint sources

M POTW or municipal wastewater C Cropland
I Industrial 0 Other

Simulated streamflow volumes inches MarchOctober
Eastern Shore Dry 53 Average 82 Wet 154



TABLE 34 POINT AND NONPOINT SOURCE NUTRIENT LOADS FOR THE PATUXENT RIVER BASIN

A PHOSPHORUS

1 Pounds March through October and Percentage of Total Load from Above
and Below the Fall Line

Above the Fall Line Below the Fall Line TOTAL
Rainfall Pounds of Total Pounds of Total

Dry 344000 73 130000 27 474000
Average 328000 69 150000 31 478000
Wet 383000 57 286000 43 669000

Percentage from Point and Nonpoint Sources

Above the Fall Line Below the Fall Line TOTAL
Rainfall PS NPS PS NPS PS NPS

M I M+I C 0 C+0 M I M+I C 0 C+O M I M+I C 0 C+0

Dry 88 4 92 8 74 5 79 21 83 5 88

Average 86 4 90 7 3 10 65 4 69 19 12 31 79 4 83 10 7 17

Wet 73 3 76 19 5 24 34 2 36 51 13 64 56 2 58 33 9 42

B NITROGEN

1 Pounds March through October and Percentage of Total Load from Above
and Below the Fall Line

Above the Fall Line Below the Fall Line TOTAL
Rainfall Pounds of Total Pounds I of Total

Dry 1268000 57 965000 43 2233000
Average 1118000 45 1313000 55 2493000
Wet 1780000 39 2813000 61 4593000

2 Percentage from Point and Nonpoint Sources

Above the Fall Line Below the Fall Line TOTAL

Rainfall PS NPS PS NPS PS NPS
M I MI I C 0 C+0 M I M+I C 0 C+0 M I M+ I C 0 C+O

Dry 69 2 71 29 47 1 48 52 60 1 61 39

Average 63 2 65 29 6 35 34 1 35 55 10 65 48 1 49 43 8 51

Wet 40 1 41 53 6 59 15 1 16 75 9 84 25 1 26 66 8 74

LEGEND

PS Point Sources NPS Nonpoint sources
M POTW or municipal wastewater C Cropland
I Industrial 0 Other

Simulated streamflow volumes inches MarchOctober
Patuxent Dry 39 Average 61 Wet 162



TABLE 35 POINT AND NONPOINT SOURCE NUTRIENT LOADS FOR THE POTOMAC RIVER BASIN

A PHOSPHORUS

1 Pounds March through October and Percentage of Total Load from Above
and Below the Fall Line

Above the Fall Line Below the Fall Line TOTAL

Rainfall Pounds of Total Pounds of Total

Dry 717000 27 1940000 73 2657000
Average 854000 30 2012000 70 2866000
Wet 2370000 46 2779000 54 5149000

2 Percentage from Point and Nonpoint Sources

Above the Fall Line Below the Fall Line TOTAL
Rainfall PS NPS PS NPS PS NPS

M I M+I C 0 C+0 M I M+I C O C+O

P
i I M+I C 0 C+0

Dry 21 6 27 73 81 1 82 18 62 5 67 33

Average 11 4 15 52 33 85 78 1 79 10 11 21 54 5 59 23 18 41

Wet 5 2 7 72 21 93 56 1 57 31 12 43 31 3 34 50 16 66

B NITROGEN

1 Pounds March through October and Percentage of Total Load from Above
and Below the Fall Line

Above the Fall Line Below the Fall Line TOTAL

Rainfall Pounds of Total Pounds of Total

Dry 13800000 44 17807000 56 31607000
Average 16600000 47 18447000 53 35077000
Wet 391000 00 61 25067000 39 64167000

2 Percentage from Point and Nonpoint Sources

Above the Fall Line Below the Fall Line TOTAL

Rainfall PS NPS PS NPS PS NPS

M I M+I C 0 C+0 M I M+ I C 0 C+O M I ti+I C O C+O

Dry 7 3 10 90 76 1 77 23 46 2 48 52

Average 7 3 10 83 7 90 73 1 74 17 9 26 42 2 44 48 8 56
Wet 7 3 10 84 6 90 54 1 55 37 8 45 27 1 28 66 6 72

LEGEND

PS Point Sources NPS Nonpoint sources

M POTW or municipal wastewater C Cropland
I Industrial 0 Other

Simulated streamflow volumes inches MarchOctober
Potomac Dry 51 Average63 Wet 138



TABLE 36 POINT AND NONPOINT SOURCE NUTRIENT LOADS FOR THE RAPPAHANNOCK
RIVER BASIN

A PHOSPHORUS

1 Pounds March through October and Percentage of Total Load from Above
and Below the Fall Line

Above the Fall Line Below the Fall Line TOTAL
Rainfall Pounds of Total Pounds Z of Total

Dry 107000 47 119000 53 226000
Average 104000 37 174000 63 278000
Wet 285000 37 486000 63 771000

2 Percentage from Point and Nonpoint Sources

Above the Fall Line Below the Fall Line TOTAL

Rainfall PS NPS PS NPS PS NPS

M I M I C 0 C+O M 1 M+1 C 0 C+0 M I M+I C O C+O

Dry 73 27 10 99 54 35 89 11 30 17 47 53

Average 73 27 10 58 41 99 37 24 61 27 12 39 25 14 39 39 22 61

Wet 73 27 10 75 24 99 13 9 22 69 9 78 9 5 14 71 15 86

B NITROGEN

1 Pounds March through October and Percentage of Total Load from Above

and Below the Fall Line

Above the Fall Line Below the Fall Line TOTAL

Rainfall Pounds y of Total Pounds Z of Total

Dry 1530000 71 615000 29 2145000
Average 1600000 55 1345000 45 2945000
Wet 3710000 45 4505000 55 8215000

2 Percentage from Point and Nonpoint Savrees

Above the Fall Line Below the Fall Line TOTAL
Rainfall PS NPS PS NPS PS NPS

M+ C O 0 M I C 0 0+O M I MT I C 0 C+0

Dry 10 0 10 90 35 2 37 63 12 5 17 83

Average 10 0 10 72 18 90 16 1 17 73 10 83 9 4 13 72 15 87

Wet 10 0 10 78 12 90 4 1 5 89 6 95 5 2 7 84 9 93

LEGEND

PS Point Sources NPS Nonpoint sources

M POTW or municipal wastewater C Cropland
I Industrial 0 Other

Simulated atreautflow volumes inches
MarchOctoberRappahannockDry 51 Average 50 Wet 125



TABLE 37 POINT AND NONPOINT SOURCE NUTRIENT LOADS FOR THE YORK RIVER BASIN

A PHOSPHORUS

1 Pounds March through October and Percentage of Total Load from Above
and Below the Fall Line

Above the Fall Line Below the Fall Line TtTiL
Rainfall Pounds of Total Pounds of Total

Dry 66500 44 85000 56 151000
Average 78000 35 143000 65 221000
Wet 332000 44 457000 56 759000

2 Percentage from Point and Nonpoint Sources

Above the Fall Line Below the Fall Line TOTAL
Rainfall PS NPS PS NPS PS NPS

M I MI I C 0 C+0 M I M+I C 0 C+O M I M+I C 0 C+0

Dry 7 0 7 93 25 59 84 16 24 26 50 50

Average 7 0 7 74 19 93 15 35 50 40 10 50 17 18 35 59 6 65
Wet 2 0 2 86 12 98 5 11 16 68 8 84 5 5 10 76 14 90

B NITROGEN

1 Pounds March through October and Percentage of Total Load from Above
and Below the Fall Line

Above the Fall Line Below the Fall Line TOTAL
Rainfall Pounds of Total Pounds of Total

Dry 693000 50 693000 50 1386000
Average 816000 35 1513000 65 2329000
Wet 2720000 35 4963000 65 7683000

2 Percentage from Point and Nonpoint Sources

Above the Fall Line Below the Fall Line TOTAL
Rainfall PS NPS PS NPS PS NPS

M I M+I C O C+O M I M+I C 0 C+O M I MII C O C+O

Dry 10 0 10 90 8 26 34 66 10 12 22 78

Average 10 0 10 78 12 90 3 12 15 76 9 85 6 7 13 77 10 87
Wet 10 0 10 82 8 90 1 4 5 90 5 95 3 4 7 87 6 93

LEGEND
PS Point Sources NPS Nonpoint sources

M POTW or municipal wastewater C Cropland
I Industrial 0 Other

Simulated streamflow volumes inches MarchOctober
York Dry 44 Average 54 Wet 132
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TABLE 38 POINT AND NONPOINT SOURCE NUTRIENT LOADS FOR TUUE JAMES RIVER BASIN

A PHOSPHORUS

1 Pounds March through October and Percentage of Total Load from Above
and Below the Fall Line

Above the Fall Line Below the Fall Line TOTAL
Rainfall Pounds of Total Pounds of Total

Dry 657000 18 2915000 82 3572000
Average 768000 20 3023000 80 3791000
Wet 1517000 31 3453000 69 4970000

2 Percentage from Point and Nonpoint Sources

Above the Fall Line Below the Fall Line TOTAL
Rainfall PS NPS PS NPS PS NPS

M I M+I C 0 C+0 M I M+I C O C+O M I M I C 0 C+0

Dry 39 6 45 55 81 15 96 4 72 14 86 14

Average 31 5 36 46 18 64 78 15 93 3 4 7 68 13 81 12 7 19

Wet 18 3 21 63 16 79 68 13 81 14 5 19 53 10 63 29 8 37

B NITROGEN

1 Pounds March through October and Percentage of Total Load from Above
and Below the Fall Line

Above the Fall Line Below the Fall Line TOTAL
Rainfall Pounds of Total Pounds of Total

Dry 3872000 22 13799000 78 17671000
Average 5076000 25 15429000 75 20505000
Wet 11070000 36 19609000 64 30679000

2 Percentage from Point and Nonpoint Sources

Above the Fall Line Below the Fall Line TOTAL
Rainfall PS NPS PS NPS PS NPS

M I M+ I C 0 C+0 M I M+ I C O C+0 M I M+i C O C+0

Dry 9 1 10 90 65 23 88 12 53 18 71 29

Average 9 1 9 73 18 91 58 21 79 15 6 21 46 16 62 29 9 38

Wet 8 1 8 78 14 92 46 16 62 32 6 38 32 11 43 49 8 57

LEGEND

PS ° Point Sources NPS Nonpoint sources
M POTW or municipal wastewater C Cropland
I Industrial 0 Other

Simulated streamflow volumes inches MarchOctober
James Dry 56 Average 74 Wet 136

Appatomox Dry 33 Average 42 Wet 103



SECTION 11

EXISTING DESIGN AND PROJECTED MUNICIPAL WASTEWATER FLOW

Point source effluent strategies were applied only to those POTWs withflows greater than 1 MG To provide a better feel for the number offacilities and the volume of waste water subject or not subject to these
strategies Table 39 through Table 46 present flow information in terms ofPOTWs with flows greater than or less than I MCD Future and design flowsare also included In addition existing 1980 flowweighted meaneffluent of total nitrogen and total phosphorus concentrations and the
average size of the facility within each basin are also presented in thesetables
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AGRICULTURAL ACTIVITIES REPORT

PREFACE

The Chesapeake Bay drainage basin covers 64000 square miles
Agricultural activities vary greatly over an area this large making the

description of land use and the assessment of conservation needs a complex
task The Chesapeake Bay Program reviewed available literature and found

no consistent accounting of agricultural activities that was both detailed
enough to apply to a particular river basin and broad enough to cover the

MarylandPennsylvaniaVirginia region of the watershed The Chesapeake Bay

Program enlisted the help of the US Department of Agricultures Soil
Conservation Service to collect information from Soil Conservation
Districts on the agricultural activities and conservation needs of farmland
in the Chesapeake Bay watershed The Program needed this information for a

number of purposes

The main purpose of this project was to learn how the types of crops
grown tillage and conservation practices used and the amounts of

fertilizer herbicides and pesticides applied varied across each river
basin This information was needed to refine the agriculturalrunoff
component of the Chesapeake Bay Programs Baywide computerized watershed
model that simulates nutrient loadings to the Bay from upland point and

nonpoint sources

The second purpose of this effort was to provide information on a what
the agricultural community perceives to be the soil conservation needs in
each area of the Bay watershed b what types of conservation farming

practices would address these needs and what would be the cost c what are
the trends in landuse conversions types of crops grown tillage
practices etc and d what the community believes are the major obstacles

to achieving a greater degree of conservation Answers to all these

questions were needed to develop balanced management strategies designed to

reduce point and nonpoint pollution in problem areas of the Bay

All of these data were collected by worksheets sent out by the Soil

Conservation Service to each of its soil conservation district field
offices 35 Pennsylvania districts and 24 Maryland districts that lie
within the Chesapeake Bay watershed unfortunately Virginia districts
could not be included in the survey The District Worksheet Attachment
C was designed by a group comprised of members representing the following
agencies

_ Chesapeake Bay Program

o Soil Conservation Service Maryland Pennsylvania and Virginia
branches

o US Department of Agricultures Agricultural Stabilization and

Conservation Service Maryland branch

_ Maryland State Soil Conservation Committee

o University of Maryland Cooperative Extension Service



o Maryland Department of Agriculture

o The Kent and Howard County Maryland Soil Conservation Districts

To assist the Chesapeake Bay Program in interpreting the worksheet

returns and to write a report summarizing the findings the Soil

Conservation Service entered into an interagency agreement with the

Chesapeake Bay Program The tasks in the agreement included a
administering the survey b providing responses to the Chesapeake Bay

Program to summarize by subwatershed and c writing a report that

o summarized the agricultural activities trends and conservation
needs from the worksheets Section 2

o described technical soilerosion control alternatives that are

representative of available conservation practices in terms of

reducing soil loss and agricultural pollutant loadings Section4 and

o assessed administrative policy alternatives designed to increase
soil conservation on farmland Section 5

The following is a compilation of the separate reports submitted by the

Maryland and Pennsylvania Soil Conservation Services USDA 1982a USDA 1982b



SUMMARY OF AGRICULTURAL ACTIVITIES IN

MARYLAND AND PENNSYLVANIA

OVERVIEW OF SOIL EROSION

Loss of soil can be attributed to natural as well as human factors As
the cost of production increases farmers till as much of their land as

possible Some of this land is of marginal quality posing erosion
hazards Poor land use a lack of conservation practices and soil

limitations contribute to erosion Poor farming practices and erosion
continue due to lack of adequate financial assistance economic incentives
for practicing conservation and a knowledge of the benefits of proper land

management

Average annual soil losses throughout the Chesapeake Bay Basin are in

the range of 6 to 8 tonsacreyear for most crops Notable exceptions to

this are tobacco and truck crops where the losses can range from 20 to 25

tonsacyr The tolerable soil losses in the basin range from 1 to 5

tonsacyr with the vast majority of the soils in the 3 to 4 tonsacyr
range

The title of the soil loss equation is a misnomer because in reality it

is a soil movement equation It is not an equation to predict the amount
of soil that leaves a field or how much of that soil is delivered to a

waterway stream river or the Bay It is a measure of the soil that is
moved within a field and what effect that movement will have on the

productive capacity of that field or part of the field Tolerable soil
loss is defined as the amount of soil that can be lost and still maintain
the productive capacity of agricultural land for sustained use The soil

forming factors of climate topography organic matter and parent
material all acting together through time will develop soils at this rate

and therefore productivity will be maintained

The amount of sediment delivered to streams rivers and the Bay is

different from soil loss Although dependent on the soil loss yields from

fields sediment delivery yield is also dependent on watershed size
proximity to watercourses topography and soil particle size

Maryland

Cropland and pasture land in the Maryland portion of the Chesapeake Bay
basin were 240 percent 1425000 acres and 64 percent 380000 acres
respectively based on the 1978 Census of Agriculture Soil loss from
cultivated cropland is occurring in Maryland at an average annual rate of 7

tonsacyr SCS 1977 Erosion results in sediment damage to adjacent land

and waterways and to Chesapeake Bay As a result of this depletion of soil

resources the productivity of agricultural land is reduced According to

the estimates of the US Department of Agricultures USDA 1977 National
Resources Inventory erosion is a primary threat on approximately 11
million acres of Maryland crop and pasture land The problem of wind

erosion also effects 39000 productive acres



Pennsylvania

There are approximately 13 million acres or 20800 square miles of
drainage area located within Pennsylvania in the Susquehanna River Basin
portion of Chesapeake Bay The land use is 61 percent woodland 23 percent
cropland 5 percent pastureland and 11 percent urban and other land

Although cropland is about onefourth of the total acreage it accounts
for over twothirds of the soil loss Soil movement by sheet and rill
erosion from farmland and woodland is estimated at 31 million tons of soil
annually within the Susquehanna River Basin of Pennsylvania _f this

total 21 million tons of soil are eroded from cropland at an average loss
of 74 tonsacyr 5 million tons from pastureland and other lands at an

average loss of 24 tonsacyr and 5 million tons from woodland at an

average loss of 06 tonsacyr

The soil loss from cropland in the Susquehanna River Basin is 34

percent higher than the entire Pennsylvania state average of 55 tonsacyr
for cropland The reason for this increase within the Susquehanna River
Basin is the concentrated acreage of intensely cultivated cropland in the

subbasin downstream from Harrisburg The maximum allowable soil lossT on typical Pennsylvania soils is 3 to 4 tonsacyr The annual soil
loss from pastureland and woodland are at or below the state averages of

26 and 10 tons per acre respectively

OVERVIEW OF AGRICULTURAL TRENDS

Agriculture in the basin has changed from a laborintensive to a

capitalintensive activity The change has resulted in an increase in the

size of individual farms Additional land was not available for expansion
so smaller farm operationswere absorbed into other units The result is a

decrease in the number of farming units in the basin The farm numbers
have been steadily decreasing since reaching the peak early in this

century For example the number of farms in Pennsylvania is less than

onehalf the total in 1954 according to the Pennsylvania Analytical
Summary USDA 1977 Although the rate of decline has slowed projections
to the year 2020 are that the number of farms will continue to decrease to
about onehalf the present number

As the number of farms has decreased the average size of farms has
increased about twofold The trend toward larger size farms will continue
in the future The rate of increase in average farm size will not be as
rapid however as in the past The opportunities for offfarm jobs is

significantly affecting the number of farms being used as only rural

residences

Basinwide fewer conservation practices are applied to leased land

because operators cannot recover their investment with shortterm leases
The amount of farmland leased will increase as the number of farms continue
to decrease and farm units increase This poses a major conservation

threat as less conservation is applied on leased land than owned land

Like farm numbers the total land area committed to farming has
declined This is largely due to the continual conversion of farmland to

urban or nonfarm uses This decrease is primarily in the cropland



acreage In Pennsylvania over 52000 acres and in Maryland over 62000
acres of cropland are irretrievably lost annually to nonagricultural uses
such as residential commercial industrial and transportation

Unfortunately the land that is best suited for agriculture is also the

land best suited for these other uses Agriculture is often forced to less

desirable fragile land which is less suited to cropping and when farmed
requires more energy and causes greater threats to conservation Thus

programs aimed at preserving prime agricultural land in effect reduce the

potential for increased agricultural runoff pollution

Over the past 10 years intensified cropping systems such as double

cropping of corn small grain soybeans and the use of cover crops have
become more common and are expected to increase as agricultural land is

converted to nonfarm purposes Increases in the use of these systems will
be for economic reasons For example the profit margin is greater when

the double cropping system is used because there is the opportunity for a
third crop in two years An additional economic advantage ofdoublecroppingis that risks are spread over a number of crops Doublecropping

systems using tomatoes cabbage and potatoes are increasing Cover crops
are another example of an intensified cropping system which is used for

economic reasons Cover crops take up fertilizers in the winter which are

then recycled in the following season as the crops decay resulting in more
efficient fertilizer usage This system also controls runoff of

fertilizers and sediment

Fortunately conservation tillage is expected to gain widespread

acceptance as the preferred tillage on about 60 percent of Pennsylvania

cropland and 80 percent of Maryland cropland by the year 2000
Conservation tillage is a practice where the crop is planted directly into

the ground with either minimal or no disturbance to the soil surface with

2000 pounds of residue left on the soil surface These practices are

called minimum till and notill respectively The present extent of

conservation tillage at the subbasin level is shown in Table 1 These

estimates were developed from district worksheet responses of tillage

practices associated with major cropping systems they are considered

accurate plus or minus 10 percent

There are three reasons that explain why conservation tillage will not

become any more widespread This tillage system is not acceptable on

lowlying wet soils because the litter on the soil surface in the spring
retards the warming of the soil slowing seed germination which in turn
reduces yields With drainage practices however conservation tillage is

feasible in these areas Lack of soil warmth for seed germination without

conventional turning of the soil may also be a limiting factor in cooler
northern areas A second reason is that in mountainous areas parttime
farming and the need for farmers to own conventional equipment makes it

less feasible for farmers to purchase additional equipment Third in the

tobacco growing regions the chemicals farmers need to practice
conservation tillage have not yet been developed therefore conventional

tillage is necessary for adequate weed control

Conservation tillage is an excellent conservation practice but it

alone cannot reduce soil losses to the tolerable limits This fact is

obvious from the analysis of soil losses in the river basin summaries that



TABLE I ESTIMATES OF TILLAGE PRACTICES IN THE MARYLAND AND PENNSYLVANIA
PORTION OF THE CHESAPEAKE BAY BASIN

Subbasin

Conventional Tillage Conservation Tillage
Susquehanna

Mouth to Harrisburg 2030 7080
Harrisburg to Sunbury 30 70

Juniata River Basin 50 50

West Branch 90 10

Above Sunbury 75 25

Potomac Maryland Only

North Branch 100 0

Harpers Ferry to

Little Falls 50 50

Below Little Falls 2540 6075

Patuxent

Above Fallline 2535 6575
Below Fallline 3040 6070

West Chesapeake 65 35

Chester Sassafras
and Elk Rivers 2030 7080

MiddleLower

Eastern Shore 30 70

follow Farmers often believe it is the cureall practice This trend of

relying too heavily on conservation tillage alone will continue unless a

vigorous information campaign is launched In addition to staff needed for

the information campaign technical staff will be needed to service farmer

demands and a source of funding will be needed to apply the additional
needed conservation practices

Conservation practices such as stripcropping diversions and

waterways will be applied to the land at approximately the same rate each

year as they are now in Maryland but are expected to increase in

Pennsylvania as more land is devoted to growing intensive row crops The
installation of animal waste systems is anticipated to increase

Tobacco production is presently in an uncertain state as problems of

mechanization marketing and price fluctuations affect the growth of the

industry Ibbacco has traditionally been a high cost labor intensive crop
to grow In 1981 a number of machines were introduced that would



mechanize harvesting the crop Although these machines are presently in
their infancy the changes are here

The future of the tobacco industry in southern Maryland is difficult to

predict Changes are happening rapidly after a long history of stability
In the past Maryland tobacco was one of the few tobacco crops in the
United States that was not under acreage allotments Within the past few
years farmers in North Carolina have started to grow MarylandType 32
tobacco to the extent that in 1981 they grew onethird as much as
Maryland Because their crop matures earlier it is marketed earlier
However in 1982 the Federal government required that MarylandType 32
tobacco acreage be counted against the allotments It is difficult to

predict the effect this will have on the price Maryland farmers receive
Price influences profits which influence the acreage planted

The only stabilizing factor in the tobacco industry within Pennsylvania
is that traditionally the Amish community has concentrated on growing
tobacco using family farm labor Even so tobacco cropland is anticipated
to decrease in the Pennsylvania subbasin below Harrisburg

In Maryland it is expected that there will be a slight reduction in
the number of livestock in Pennsylvania however the total number of
livestock is anticipated to remain constant or show slight increases
Although the number of animals might not be reduced significantly the

distribution will be changed They will be concentrated on fewer farms and
concentrated in feedlots The reduction in livestock on the eastern shore
of Maryland has already been significant In Pennsylvania swine chicken
and turkey production is expected to increase in the future Sheep
production is decreasing while horse and cattle populations remain constant

The use of irrigation will increase This is especially true for the

eastern shore of Maryland where there is an ample supply of water and the

land is flat The great majority of the new systems will be center
pivots Along with the expansion in the numbers of new systems farmers
will increase the use of fertigation Fertigation is a technique to apply
liquid fertilizers through the irrigation system By utilizing fertigation
the farmers can increase yields by timing the application of fertilizer

more closely to the needs of the crops

The use of fertilizers and herbicides has and will continue to
increase throughout all parts of the basin Figure 1 includes statewide
fertilizer consumption trends for Maryland Pennsylvania and Virginia
The use of nitrogen appears to have substantially increased in the past 30

years while that of phosphate has remained relatively constant

Fertilizer is applied to farmland according to the needs of the crop
and the farmers goal as to crop yield The rate of application is best
determined by annual soil testing In the absence of a soil test farmers
follow Extension Service recommendations for a given crop Table 2

summarizes recommended rates for Maryland which are very similar to

Pennsylvania rates In general farmers do not apply more than the

recommended rates as fertilizer is one of the most expensive production
imputs Relatively higher application rates are used on farms managed for

high yields for example an additional 30 lbs of N and K20 and 15 lbs of

P205 is recommended to achieve an additional 25 bushels of corn 1982
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TABLE 2 RANGES OF RECOfl1ENDED RATES OF FERTILIZER APPLICATION FOR VARIOUSCROPS IN MARYLAND VALUES FOR PENNSYLVANIA ARE VERY SIMILAR
BASED ON 1980 FERTILIZER APPLICATION RATES UNIVERSITY OF
MARYLAND COOPERATIVE EXTENSION SERVICE

Crop Pounds Per Acre Recommend R ta es

N
P205 K 0COMMERCIAL FERTILIZER 2

Corn for Grain 85 120 80 80
Corn for Silage 85 120 90 120 120 165Notill Corn add 40 lbs of N to above rates broadcast applicationSmall Grains 060 060 060
Soybeans 0 60 40 60 40 60Hay Pasture Silage

New seedings 0 40 60 170 60260
Maintenance 0 50 4070 50210
Rye for Grazing 100 50 50MANURE

If manure is applied for each ton applied deduct the following
amounts Ibs of N P205 and K201

Cattle Manure 5 10 3 3
Poultry Manure 25 50 20 10

Note lower Nvalues are for fall and winterapplied manure The higherNvalues are for springapplied properly protected and stored manure



Agronomy Guide Pennsylvania State University College of Agriculture
Extension Service

Manure is often used in addition to commercial fertilizer ideally
commercial fertilizer should be reduced relative to the amount of manure

applied as shown in Table 2 Frequently however in regions with many
livestock operations animal waste management is inadequate and excessive

application rates are evident

Herbicide usage will also increase in proportion to the increase in

conservation tillage Pesticides which include herbicides are applied

throughout the basin in accordance with cooperative Extension Service
recommendations and in accordance with label directions All farmers

applying pesticides have attended training sessions certifying them to

apply pesticides Table 3 includes the most commonly applied pesticides
and recommended application rates Appendix B of this document contains
information on the relationship between pesticides and Bay water

OVERVIEW OF AGRICULTURAL PROGRAMS

Agricultural programs in the Chesapeake Bay basin occur at the Federal
state and local levels A detailed account of water quality management
activities with respect to agriculture are present in the main text of

this document however a number of special programs should be noted

The USDAEPA Rural Clean Water Program RCWP includes three projects in

the Chesapeake Bay basin One of the primary objectives of RCWP is to test

the effectiveness of selected best management practices BMPs in reducing
agricultural pollutant loadings In Pennsylvania the Conestoga Headwaters
Rural Clean Water Project located in southeastern Pennsylvania primarily
in Lancaster County with portions in Lebanon Berks and Chester Counties
was selected in 1981 as a water quality project under the RCWP The program
provides approximately 2 million dollars in accelerated financial and
technical assistance to owners and operators to install and maintain BMPsto
control agricultural nonpoint pollution for improved water quality The

Double Pipe Creek watershed in Carroll County Maryland is a 36 million
dollars RCWP project to improve water quality in this area the

topranked statewide potential critical area The NansemondChuckatuck

watershed which drains to the lower James River in Virginia has also been

targeted for approximately 2 million dollars by the RCWP

While these three RCWP projects are directed to improve local water

quality problems their relative impact on Chesapeake Bay water quality is

probably fairly low Larger watersheds need to be assessed to reduce

nutrients and sediment entering tidal waters The proposed SCS MasonDixon
Erosion Control project would target conservation assistance to the

22county Piedmont region of south eastern Pennsylvania and central

Maryland The proposed 1984 SCS budget includes 300000 dollars for the

Maryland SCS office and 400000 dollars for the Pennsylvania SCS office for

technical assistance in this area

In addition each state has an approved Section 208 agricultural plan
Potential critical watersheds for sediment animal waste or nutrients have

been identified Appendix E this document Generally plans call for

targetting technical assistance and costsharing funds to these regions



TABLE 3 COMMONLY APPLIED AGRICULTURAL CHEMICALS SOURCES 1981 PEST
CONTROL RECOTh NDATIONS FOR FIELD CROP UNIVERSITY OF MARYLAND
COOPERATIVE EXTENSION SERVICE

Crop Chemical Application Rate
per acre

Corn conventional Atrazine 12 lb
Simazine 12 lb
Roundup 154 lb
Furida_ 12 lb

Corn notill Same as above but with

Paraquat I qt

Soybeans conventional Lasso 24 qt
Lorox 062 lb
Fluralin 12 pt
Sevin 0613 lb

Soybeans notill Lorox 12 lb
Paraquat 1 qt
Sevin 0613 lb

Tobacco Dlsyston 27 lb
Diazinon 75 pt
Sevin

2 lb

Smallgrain Banvel 2515 pts
Dylox l lb
Cygon 400 4354 lb



however implementation of the plans has been hampered by a lack of
adqeuate funding for implementation For example in Maryland the SCS
estimates that 24 million dollars is needed to address water quality
problems in the top three critical watersheds only Maryland soil
conservation districts estimate that 20 soil conservationists and 35
technicians at a cost exceeding 1 million dollars per year would be
required to assist 40 percent of the operating units in all critical areas
with the development of a conservation plan

At the local level soil conservation districts provide technical
assistance and administer BMP costsharing funds In general funding
shortages prevent districts from achieving conservation goals For
example Marylands 24 soil conservation districts assisted agricultural
landowners with soil conservation on 23200 acres of crop and pasture land
in 1980 At this rate it would take 197 years to protect the 11 million
acres of farmland needing treatment The State of Maryland appropriated 10
million dollars in 1982 for costsharing of conservation practices this
funding will help in the areas needing immediate treatment but much work
will still remain to be done



SECTION 2

AGRICULTURAL ACTIVITIES AND TRENDS BY RIVER BASIN

SUSQUEHANNAPENNSYLVANIA STATE LINE TO HARRISBURG

The Chesapeake Bay Program research concluded that this area located
in the Piedmont phisiographic region contributes a large percentage of the

nonpoint source nutrient loading to the upper Chesapeake Bay The greatest
percentage of cropland in any Chesapeake Bay subbasin is found here 38

percent of the land is used for crops The area also supports a large
number of cattle and other animals

There have been many projects initiated In his subbasin to address the

conservation needs These include the Mason Dixon Project the Conestoga
Headwaters Rural Clean Water Project and a new study completed by the

Pennsylvania Department of Environmental Resources entitled An Assessment
of Agricultural Non point Source Pollution In Selected High Priority
Watersheds in Pennsylvania June 1983 The programs were described in

Section 1

Continuous corn as a cropping system is used on about 25 percent of the

cropland throughout the subbasin In general this rotation is used on

slopes of from 3 to 8 percent Minimum tillage is used on 60 percent with
the residue left notill planting on 10 percent with residue left and
conventional tillage practices on 30 percent with the residue removed The

average annual soil loss for this system is about 10 tonsacyr The
allowable soil losses T values average 4 tonsacyr

A cropping system of corn small grain and hay is used on about 25

percent of the area Corn oats wheat and hay is used primarily in

Schuylkill County on 70 percent of the cropland Slopes of 3 to 12 percent
are used for this rotation Minimum tillage is used on about 80 percent
with the crop residue left conventional tillage is used on 20 percent with
the residue removed Average annual soil loss for this rotation is about 5

tonsacyr The T values average about 3 to 4 tonsacyr

Rotations with 2 years of corn oats or wheat and 2 or more years of

hay or 2 years of corn and 2 or more years of hay are devoted on about 60

percent of the area particluarly where dairy farming is prevalent These
roatations occur on slopes of from 3 to 18 percent Minimum tillage is

used on about 75 percent with the residue left Conventional tillage is

used on 25 percent with residue left The average annual soil loss is

about 6 tonsacre The T values average about 3 to 4 tonsacre

Other specialty crops are substituted in the rotations on about 10

percent of the subbasin Tobacco is used in Lancaster County on about 30

percent of the cropland using 3 years of corn tobacco and winter small

grains as a rotation This rotation occurs on slopes of from 3 to 8

percent About 80 percent of the rotation is minimum tillage with residues
left and 20 percent is conventional tillage with residue removed Tobacco

is a conventional tillage row crop The average annual soil loss is about

14 tonsacyr The T values average about 4 tonsacyr



Soybeans are grown in rotation primarily in York County as a cash cropon about 75 percent of the cropland In addition small acreages of
soybeans are grown in Adams and Dauphin Counties Slopes vary from 3 to 8percent The cropping system of corn small grain and soybeans is
generally minimum tilled with residues left In some cases winter smallgrain is seeded with the soybeans as a cover crop and left with the residueover winter The average annual soil loss is about 6 tonsacyr The Tvalues average about 4 tonsacyr

Animal units are evenly distributed within the subbasin The highestconcentrations are in York and Lancaster Counties The total amount ofcattle in the subbasin is about 346900 animal units Pigs amount to342700 units and chickens to 9489000 units Sheep and horses are
concentrated in York and Lancaster Counties totaling 11900 and 10500respectively The turkey population is about 78600 birds

Terraces grassed waterways tile drainage and contour strips are themost commonly applied conservation practices on land devoted to growingcontinuous corn and corn in rotation Soil management practices followedinclude chisel plowing minimum tillage on about 60 percent and notill onabout 10 percent of the acreage cultivated for corn About 30 percent ofthe corn grown is prepared by conventional plowing Small grain soybeanand hay crops are generally grown on land protected with contour stripsdiversion and tile drainage Tobacco land is generally protected duringthe winter months with small grains or grass cover crops

Conservation plans are needed in about 50 percent of the farms in thesubbasin Greater efforts are needed to increase the amount of plansbeing completely followed above the current 15 percent Although 70
percent of the conservation plans are partially followed more effort needsto be directed toward raising the participation on these plans to an activestatus The amount of conservation plans not being followed at all is
anticipated to remain below the 15 percent level

Agricultural land leased by farm operators accounts for about one thirdof the farmland devoted to crop production Of this amount about 10percent is being farmed with conservation practices according to aconservation plan

About 20 percent of the cropland is in need of grassed waterwaysminimum tillage notill contour stripcropping and conservation croppingsystems to meet the T plus 5 level of soil loss To achieve the T plus 2soil loss level on the 25 percent of the cropland in need practicesincluding diversions notill stripcropping tile drainage grassedwaterways and conservation cropping systems are required To achieve 60percent of the cropland within the allowable soil loss T valueterraces are needed in addition to all the above listed practices fortreatment

About 10 percent of the pastureland is in need of practices includingcontour stripcropping tile drainage grassed waterways diversionsfencing spring developments watering facilities and rotational grazingto achieve the T plus 2 level of soil loss reduction

Approximately 60 percent of the animal units in the subbasin are inneed of animal waste management systems Controls necessary for properly



storing and handling the manure wastes include manure storage facilities
and safe disposal of wastes

Practices such as terraces waterways and diversions are needed to
control surface runoff from waste disposal areas In addition managementpractices such as minimum or notill farming conservation cropping
systems and hay plantings are needed in the disposal area

Feedlots present a special problem because of the heavy concentrateduse by livestock Measures such as fencing stream banks diverting runoffwith diversions and safe water disposal from buildings are essential tocontrol manure waste on feedlots

In the future the total acreage devoted to agriculture will decreaseas more land is converted to developing areas Hay and tobacco acreagesare expected to decrease as more cropland is converted to increased cornsmall grain and soybean production The intensification brought on by thedouble cropping will result in an increase of Winter cover The amount of
farmland prepared by minimum tillage and notill farming is expected toincrease in this subbasin to nearly 80 percent by the year 2000 The useof fertilizers and pesticides will increase with the use ofconservationtillagepractices The application of conservation practices such as
terraces grassed waterways contour stripcropping and animal waste
systems are also expected to increase There is a trend for increased
acreage on fewer farms and an increased number of leased farmlands Cattle
number is expected to remain constant but will be concentrated in a smallerarea Swine turkey and chicken production is increasing

A recent report June 1983 was released by the Pennsylvania Department
of Environmental Resources $ureau of Soil and Water Conservation entitledAn Assessment of Agricultural Non point Source Pollution in Selected Hirh
Priori Watersheds in Pennsylvania which proposed a number of

recommendations for tills area based pn detailed studies The following
recommendations apply to ten small watersheds studied in the lower
Suaquensnna region In Peneral soil conservation districts in these ten
watersheds whqujd establish realistip time frames in which to accomplish
the goals that are applicable to their watersheds They should seek the
assistance of their cooperating agencies andpr private agricultural
organizations to accomplish these goals

To addre€s the 1dpntified water quality problems associated with
agricultural poJluti9D Conservation Districts should

l• gstablish a systei to maintain an accpupting of cooperators to
show the status of conservation plans and plan implementation
activities in each Canservatfon District The system needs to
record regular contracts and ap updating of landuse activities
The use of a dpta iggnagepent system utilizing computers should be
COf8id•ted

r

2 lncreas the rate of implepnpntaCiQn of conservation plans
especially on rented land Some of the most serious issues
a9s49i4td with irplomentatipn of plans and application of
conservation practices are the problems associated with rented
land Follpwfng Is a list of suggestions to improve the situation



a Longterm leases requiring conservation farming should be

promoted and lists of owners and operators of rented land

should be established for districts to facilitate the

acceptance and use of leases

b A program explaining the economic and environmental benefits

of conservation management should be addressed to both

landowners and the renting farmers

C Federal state and local governments should consider

providing tax incentives for conservation programs

d Additional conservation practice cost share incentives from

state or Federal governments should be provided

e A crosscompliance program should be established whereby

those farmers participating in either Federal or state

assistance programs will be required to implement

agricultural pollution control programs for thefarmf
Local governments should be encouraged to enact and enforce

ordinances for the prevention of offsite damages from

accelerated erosion and uncontrolled runoff as authorized by
the Clean Streams Act Title 25 Department of Environmental

Resources Chapter 102 Erosion Control Rules and

Regulations this local involvement should augment the

current regulatory program of the Department

g Landowners who rent their land to farmers should be

encouraged to select farmers who will implement best

management practices

3 Initiate a coordinated program to explain to farmers the benefits

of conservation tillage Tours demonstration projects and

notill planter rentals are examples of initiates that could be

undertaken

4 Seek funding in conjunction with DER for increased technical

assistance to implement the planning and installation of

conservation practices 1h e new matching grants to conservation

districts through the state program contined in the 1981 Farm Bill

authorizes the USDA to provide 15 to 25 percent of the grants to

state conservation agencies for this purpose

5 Provide priority planning assistance to areas with either high
soil loss andor high concentration of livestock

6 Work to improve stream banks with protective devices such as

filter strips and maintenanceof riparian vegetation Owners and

renters should be informed through various educational programs of

lowcost methods to stabilize the banks and prevent pollutants
from entering the water Streams should also be protected from

livestock access by means of offstream watering devices stream

fencing or improved crossings

7 Encourage the continuation of research on the development of

soiltesting procedures especially a reliable soil nitrogen test



by the Pennsylvania State University so that more accurate and
meaningful application recommendations can be provided to farmers

8 Develop a nutrient management educational program as a joint
effort of Conservation Districts Pennsylvania Association of
Conservation District Directors Inc Cooperative Extension
Service Soil Conservation Service Agricultural Stabilization and
Conservation Service and Pennsylvania Department of Environmental
Resources This educational program directed at farriers should

encourage balanced application of manure andor commercial
fertilizers Manure soil and plant tissue testing should be
used to achieve balanced application

9 Encourage accelerated research on marketing and utilization of
excess nutrients produced on farms A potential exists to create
a new industry through the marketing of these nutrients

10 Pursue funding of a water testing program to determine the nature
and extent of contaminants associated with agricultural activities

Second Priority

1 Increase the percentage of cooperators in the ten high priority
watersheds studied Districts could facilitate this goal through
activities such as personal visits newsletters and tours

2 Explain farm management techniques that control erosion and
nutrient losses by utilizing lowcost practices such as strip and
contour cropping winter cover and green manure crops

3 Promote the establishment of a higher cost share assistance
program for animal waste handling and storage structures The
initial high costs of these practices and the public water quality
benefits achieved justify the expenditure of such public funds

4 Monitor construction of animal waste storage structures to prevent
future groundwater pollution Conservation districts should
encourage local municipal governments to require inspection of
these facilities andor installation of monitoring wells when site
conditions warrant

5 Direct an information transfer program to mushroom growers
explaining the proper methods to dispose of spent mushroom soil to
avoid runoff problems

6 Initiate an educational program explaining renovation
maintenance and runoffcontrol techniques for pasture
improvement New cost share incentives should be explored

7 Promote the installation of stormwater control practices to
protect livestock housing or loafing areas from runoff Both
technical and financial costshare assistance should be provided
to improve or relocate livestock housing or holding areas

8 Promote expansion of the current educational program of the

Cooperative Extension Service and the PA Department of Agriculture



to emphasize proper handling and application of herbicide and
pesticide materials Integrated pest management should be a partof the farmers program

While the conservation districts provide the catalyst to implementingthe above recommendations at the local level the Bureau of Soil and Water
Conservation will incorporate these recommendations into its annual plan of
operations for watershed and nonpoint agricultural programs Priorities
for implementing the recommendations will he based on the first priority
recommendations goals set by the conservation districts and water quality
programs of the Department of Environmental Resources Establishing a time
frame for implementing each recommendation is difficult since many of the
recommendations are of a longterm nature requiring a continual educational
process and many are also dependent on the involvement of one or more
different agencies or organizations and their specific programs It is the
intent of the Bureau of Soil and Water Conservation to maintain regular
contact with those agencies and organizations which have programs relative
to the recommendations and to foster those programs based on the available
resources of the Bureau

In light of the results of the Chesapeake Bay Study and with similar
results identified in this assessment the Bureau of Soil and Water
Conservation further recommends that this assessment process be continued
in the high and medium priority watersheds identified In Pennsylvanias 208
Plan especially the Susquehanna River Basin to identify the specific farm
management practices which have the potential for causing nonpoint source
pollution Also new studies as Identified in the individual watershed
reports should be initiated to investigate the presentee andor effects
nutrients and pesticides may have on both surface and subsurface water
supplies as well as the cost benefits of conservation tillage and other
best management practices

SUSQUEHANNA HARRISBURG TO SUNBURY

The section of the Susquehanna subbasin which lies between Sunbury and
Harrisburg is physiographically in the Appalachian Ridge and Valley
region Coal mining is an important landuse activity Cropland
represents a high percentage 257 percent of the land area Pastureland
is found on 57 percent of the land

Continuous corn as a cropping system is used on about 15 percent of the
cropland throughout the subbasin In general this rotation is used on
slopes of fronj 3 to 8 percent Chisel plowing is used as a minimum tillage
practice on areas with the crop residue removed Minimum tillage accounts
for about 60 percent of the carp acreage Notill planting is used on
about 10 percent with the residue left conventional tillage practices are
used on 3Q percent with the residue removed The average annual soil loss
of this system is about 8 tansacyr The allowable soil losses T
values average 3 to 4 tonslacyr

Cropping systems of corn oats wheat and hay or tern small grain
and hay are used on about 15 percent of the area Slopes of a to 12
percent are used for these rotations Minimum tillage is used on about 75
percent with the crop residue left Conventional tillage is used on 25
percent with the residue left Average annual soil loss for these



rotations is about 5 tonsacyr The T values average about 3 to 4

tonsacyr

Rotations with two years of corn oats or wheat and two or more yearsof hay or two years of corn and two or more years of hay are devoted on
about 60 percent of the area particularly where dairy farming is
prevalent These rotations occur on slopes of from 3 to 18 percent
Minimum tillage is used on about 75 percent with the residue left
Conventional tillage is used on 25 percent with residue left The average
annual soil loss is about 6 tonsacyr The T values average about 3 to
4 tonsacyr

Other specialty crops are substituted in the rotations on about 10
percent of the subbasin Cabbage potatoes and small grain are grown in
rotation primarily in Schuylkill County This rotation occurs on slopes 3
of from to 15 percent Conventional tillage with residue removed is used
with this rotation The average annual soil loss is about 6 tonsacyr
The T values average about 3 tonsacyr

Generally soybeans are grown as a cash crop in rotation with corn
small grain soybeans or with corn soybeans wheat and hay with minimum
tillage andresidue left Slopes vary from 3 to 15 percent In some
cases winter small grain is seeded with the soybeans as a cover crop and
left with the residue over winter The average annual soil loss is about
12 tonsacyr The T values average about 3 tonsacyr

Animal units are evenly distributed within the subbasin The total
amount of cattle in the subbasin is about 152300 animal units Pigs
amount to 78100 units and chickens to 1414200 units Sheep and horses
totaling 13200 and 2600 respectively are located within the subbasin
The turkey population is about 75800 birds

Terraces grassed waterways tile drainage and contour strips are the
most commonly applied conservation practices on land devoted to growing
continuous corn and corn in rotation Soil management practices followed
include chisel plowing minimum tillage on about 60 percent and notill on
about 10 percent of the acreage cultivated for corn About 30 percent of
the corn grown is prepared by conventional plowing Small grain soybean
and hay crops are generally grown on land protected with contour strips
diversions and tile drainage Cabbage and potato acreage is generally
farmed using winter small grain grassed waterways and contour
stripcropping for protection

Conservation plans are needed in about 40 percent of the farms in the

subbasin Greater efforts are needed to increase the amount of plans
being completely followed above the current 20 percent Although 75

percent of the conservation plans are partially followed more effort needs
to be directed toward raising the participation on these plans to an active
status The amount of conservation plans not being followed at all is

anticipated to remain below the 15 percent level

Agricultural land leased by farm operators accounts for about 30
percent of the farmland devoted to crop production Of this amount about
20 percent is being farmed with conservation practices according to a

conservation plan



About 25 percent of the cropland is in need of grassed waterways
minimum tillage notill contour stripcropping and conservation cropping

systems to meet the T puss 5 level of soil loss To achieve the T plus 2

soil loss level on 50 percent of the cropland in need practices including

diversions notill stripcropping tile drainage grassed waterways and

conservation cropping systems are required To obtain 75 percent of the

cropland within the allowable soil loss T value terraces are needed in

addition to all the above listed practices for treatment

Less than 10 percent of the pastureland is in need of conservation

practices including contour stripcropping tile drainage grassed

waterways diversions fencing spring developments watering facilities
and rotational grazing to achieve the T plus 2 level of soilloss
reduction In addition less than 10 percent of the pasture is in need of

management practices to meet the T allowable soil loss level

Approximately 60 percent of the animal units in the subbasin are in

need of animal waste management systems Controls necessary for properly

storing and handling the manure wastes include manure storage facilities

and safe disposal of wastes

Practices such as terraces waterways and diversions are needed to

control surface runoff from waste disposal areas In addition management

practices such as minimum or notill farming conservation cropping

systems and hay plantings are needed in the disposal area

Feedlots present a special problem because of the heavily concentrated

use by livestock and their close proximity to water courses Measures such

as fencing stream banks diverting runoff with diversions safe water

disposal from buildings rock riprap along stream banks grass borders and

filter strips along streams holding ponds lagoons and relocation of

facilities are essential to control manure waste on feedlots

The outlook for the future is for an increased application of

conservation practices including the use of terraces minimum and notill

farming grassed waterways winter cover and contour stripcropping As

corn and small grain production increases hayland area is expected to

drop

While the total acreage devoted to agriculture will decrease as more

land is converted to developing areas the average size of each farm is

increasing as farms consolidate The trend toward leasing of farmland on a

shortterm basis will be accompanied by a decrease in application of

conservation practices on these lands The total number of cattle is

expected to remain constant and will be in fewer herds with larger numbers
of animal units per herd Meanwhile production of swine chickens and

turkeys is on the increase Installation of animal waste systems is

increasing

Future use of fertilizer is expected to increase with more phosphate

fertilizers used for grain crops and a rapid increase in the use of

nitrogen fertilizer resulting from increased use of notill farming

methods Use of pesticides will increase proportionately to the increase

in notill farming



SUSQUEHANNA JUNIATA BRANCH

The Juniata subbasin lies in the Appalachia Ridge and Valley

physiographic region Continuous corn as a cropping system is used on

about 20 percent of the cropland throughout the subbasin In general
this rotation is used on slopes from 2 to 10 percent Minimum tillage with

residue left is used on about 50 percent of the corn acreage Chisel

plowing is used increasingly for minimum tillage The average annual soil

loss for minimum tillage of continuous corn is about 5 tansacyr The

average allowable soil loss T value for this land is 4tonsacyrConventional
tillage practices are used on 50 percent of the cropland with

the residue removed The average annual soil loss for this system is about

10 tonsacyr The T values average 4 tonsacyr

The cropping system of corn oats or wheat and hay is used on about 20

percent of the area Individual crop sequences vary from corn oats and

hay to two years of corn and oats and two years or more of hay Slopes

of 3 to 15 percent are used for this rotation Conventional tillage is

commonly used with the residue removed Average annual soil loss is about

5 tonsacyr The T values average about 3 tonsacyr

Cropping systems using corn and hay are common on about 60 percent of

the area Crop sequences vary from one year of corn and one year of hay to

four years of corn and four years of hay These rotations occur on slopes

of from 3 to 18 percent Conventional tillage is used on about 50 percent

with the crop residue removed The average annual soil loss is about 8

tonsacyr The T values average about 3 tonsacyr Minimum or notill

farming is used on the remaining 50 percent of the cropland with residues

left The average annual soil loss for this tillage is 3 tonsacyr The

T values average about 3 to 4 tonsacyr

Animal units are evenly distributed within the subbasin The total

amount of cattle in the subbasin is about 130000 animal units Pigs

amount to 45000 units and chickens to 1582000 units Sheep and horses

totaling 6000 and 1800 respectively are located within the subbasin

Diversions grassed waterways tile drainage and contour stripcropping

are the most commonly applied conservation practices on land devoted to

growing continuous corn and corn in rotation Small grain and hay crops

are generally grown on land protected with contour stripcropping

diversions and tile drainage

Conservation plans are needed in about 50 percent of the farms in the

subbasin Greater efforts are needed to increase the amount of plans

being completely followed above the current 20 percent Although 65

percent of the conservation plans are partially followed more effort needs

to be directed toward raising the participation on these plans to an active

status The amount of conservation plans not being followed at all is

anticipated to remain below the 12 percent level

Agricultural land leased by farm operators accounts for about 25

percent of the farmland devoted to crop production Of this amount about

30 percent is being farmed with conservation practices according to a

conservation plan



About 12 percent of the cropland is in need of grassed waterways
minimum tillage notill contour stripcropping and conservation cropping
systems to meet the T plus 5 level of soil loss To achieve the T plus 2

soilloss level on the 30 percent of the cropland in need practices
including diversions notill stripcropping tile drainage grassed
waterways and conservation cropping systems are requried To achieve 50
percent of the cropland within the allowable soil loss T value
terraces are needed in addition to all the above listed practices for
treatment Less than 10 percent of the pastureland is in need of fertility
and reseeding practices to meet the T plus 2 and T allowable soil loss

Approximately 45 percent of the animal units in the subbasin are in
need of animal waste management systems Controls necessary for properly
storing and handling the manure wastes include manure storage facilities
and safe disposal of wastes

Practices such as terraces waterways and diversions are needed to
control surface runoff from waste disposal areas In addition management
practices such as minimum or notill farming conservation cropping
systems and hay plantings are needed in the disposal area

Looking to the future the trend is for a decrease in acreage devoted
to agriculture Hay and small grain acreage is decreasing while corn
acreage is increasing Cropping systems will become more intensified with
row crops The average size of farm acreage is increasing as is the number
of leased farmlands Fewer cattle herds are anticipated with larger
numbers of animal units per herd

The application of conservation practices including diversions
minimum and notill practices grassed waterways contour stripcropping
and installation of animal waste systems is on the increase More farmers
will leave crop residues on their fields over winter and the use of
fertilizers and pesticides will increase as conservation tillage practices
are more widely used

SUSQUEHANNA WEST BRANCH

The West Branch of the Susquehanna River encompasses both Appalachian
Ridge and Valley and Appalachian Plateau physiographic features It is
the most forested of all Susquehanna subbasins and contains the least
amount of cropland 87 percent due to the steeper slopes Coal mining is
prevalent

Continuous corn as a cropping system is used on about 10 percent of the
cropland through the subbasin In general this rotation is used on
slopes of from 0 to 18 percent Chisel plowing is used as a minimum
tillage practice on areas with the crop residue removed Minimum tillage
accounts for about 80 percent of the corn acreage with residue left
Conventionaltillage practices are used on 20 percent of the acreage with
the residue removed The average annual soil loss of this system is about
12 tonsacyr The allowable soil losses T values average 4 tonsacyr

A cropping system of two or more years of corn and three or more years
of hay are used on about 15 percent of the area Slopes of 0 to 15 percent
are used for this rotation The average annual soil loss of this system is



about 6 tonsacyr The allowable soil losses T values average 3

tonsacyr

Cropping systems with two years of corn oats or wheat and two or

more years of hay are used on about 70 percent of the area particularly

where dairy farming is prevalent These rotations occur on slopes of from

3 to 15 percent Conventional tillage is used with the residue removed

The average annual soil loss of this system is about 6 tonsacyr The

allowable soil losses T values average 3 tonsacyr

Other specialty crops are substituted in the rotations on about 5

percent of the subbasin A rotation of one or two years of potatoes and

oats are grown primarily in Potter and Cambira Counties These rotations

occur on slopes 0 to 10 percent Conventional tillage is used with

residues left Rye is used as a cover crop where residues are removed

The average annual soil loss of this system is about 6 tonsacyr The

allowable soil losses T values average 3 tonsacyr

Some soybeans are used in Lycoming Montour and Northumberland

Counties as an alternative cash crop for corn in the rotations Generally

crop sequences include corn andor soybeans oats wheat and four years of

hay in Lycoming County corn soybeans oats and hay in Montour County

and corn small grain and soybeans in Northumberland County Slopes vary

from 0 to 10 percent In some cases winter small grain is seeded with the

soybeans as a cover crop and left with the residue over winter The

average annual soil loss is about 8 tonsacyr The allowable soil losses

T values average 3 tonsacyr

Animal units are evenly distributed within the subbasin The total

amount of cattle in the subbasin is about 104300 animal units Pigs

amount to 42600 units and chickens to 431500 units Sheep and horses

totaling 7300 and 3200 respectively are located within the subbasin

Diversions grassed waterways tile drainage and contour

stripcropping are the most commonly applied conservation practices on land

devoted to growing continuous corn and corn in rotation Small grain

soybean and hay crops are generally grown on land protected with contour

stripcropping diversions and tile drainage Potato acreage is generally

farmed using winter small grain grassed waterways and contour

stripcropping for protection

Conservation plans are needed in about 45 percent of the farms in the

subbasin Greater efforts are needed to increase the amount of plans

being completely followed above the current 15 percent Athough 70 percent

of the conservation plans are partially followed more effort needs to be

directed toward raising the participation on these plans to an active

status The amount of conservation plans not being followed at all is

anticipated to remain below the 10 percent level

Agricultural land leased by farm operators accounts for about 30

percent of the farmland devoted to crop production Of this amount about

35 percent is being farmed with conservation practices according to a

conservation plan



About 15 percent of the cropland is in need of grassed waterways
minimum tillage contour stripcropping and conservation cropping systems
to meet the T plus 5 level of soil loss To achieve the T plus 2 loss
level on the 30 percent of the cropland in need practices including
diversions stripcropping tile drainage grassed waterways and
conservation cropping systems are required To achieve 60 percent of the

cropland within the allowable soil loss i value terraces and notill
farming are needed in addition to all the above listed practices for
treatment

Approximately 60 percent of the animal units in the subbasin are in
need of animal waste management systems Controls necessary for properly
storing and handling the manure wastes include manure storage facilities
and safe disposal of wastes

Practices such as terraces waterways and diversions are needed to
control surface runoff from waste disposal areas In addition management
practices such as minimum or notill farming conservation cropping
systems and hay plantings are needed in the disposal area

Feedlots present a special problem because of the heavily concentrated
use by livestock and their close proximity to water courses Measures such
as fencing stream banks diverting runoff with diversions safe water
disposal from buildings rock riprap along stream banks grass borders and
filter strips along streams holding ponds lagoons anti relocation of
facilities are essential to control manure waste on feedlots

In the future the total acreage devoted to agriculture will decrease
as more land is converted to development In Clearfield County widespread
stripmining is occurring which returns only 15 percent of the land to
cropland Small grain and hay acreage is expected to decrease as corn
vegetable and soybean production increases Cropping systems will become
more intensified with row crops and farmers will leave crop residues on
their fields over winter The increased use of rye as a winter coverfor
vegetable crops is anticipated

With the increase in notill farming there will be an increase in the

use of fertilizers and pesticides Total use of phosphate fertilizer will
increase especially for grain crops but not as rapidly as use of nitrogen

Farming operations are becoming more specialized Chicken cattle
sheep and horse production is expected to remain constant though the
trend will be for larger numbers in fewer locations Swine production is
decreasing

There is a trend toward leasing of farmland These lands are therefore
less likely to keep pace with the application of conservation practices
since operators are unable to recover their investment

The number of actively followed conservation plans is decreasing though
the application of conservation practices such as use the of diversions
minimum and notill methods grassed waterways contour stripcropping and
installation of animal waste systems will increase



SUSQUEHANNAMAIN STEAM ABOVE SUNBURY

Of all Susquehanna subbasins this section in the Appalachia Plateau

physiographic region contains the highest percentage of pastureland 97
percent 167 percent of the land is devoted to crops

Continuous corn as a cropping system is used on about 15 percent of the

cropland throughout the subbasin In general this rotation is used on

slopes of from 3 to 10 percent Minimum tillage with residue left is used
on about 50 percent of the corn acreage Chisel plowing is used

increasingly for minimum tillage The average annual soil loss for minimum
tillage of continuous corn is about 5 tonsacyr The average allowable
soil loss T value for this land is 3 tonsacyr This minimumtillage
system is used more commonly in the lower portion of the subbasin
Conventional tillage practices are used on the remaining 50 percent of the

cropland with the residue removed The average annual soil loss for this

system is about 12 tonsacyr The T values average 3 tonsacyr This

type of tillage is most commonly used in the upper reaches of the subbasin

A cropping system of corn small grain and hay is used on about 40

percent of the area Individual crop sequences vary from corn oats and

hay to two years of corn and oats and four years of hay Slopes of from
3 to 20 percent are used for this rotation Minimum tillage is used on

about 20 percent with the crop residue left Conventional tillage is

commonly used on 80 percent with the residue removed Average annual soil

loss for this rotation is about 5 tonsacyr The T values average about
3 tonsacyr

Cropping systems using corn and hay are common on about 35 percent of

the area Crop sequences vary from one year of corn and one year of hay to
four years of corn and four years of hay These rotations occur on slopes
of from 3 to 18 percent Minimum tillage is used on about 25 percent and
conventional tillage on 75 percent The residue is removed on about 40

percent and left on 60 percent of the cropland The average annual soil

loss is about 7 tonsacyr The T values average about 3 tonsacyr

Other specialty crops are substituted in the rotations on less than 10

percent of the subbasin Cabbage potatoes and tomatoes are grown in

rotations of vegetable small grain and hay primarily in Luzerne and

Schuylkill Counties This rotation occurs on slopes of from 3 to 10

percent Conventional tillage with residue removed is used on about 80

percent The average annual soil loss is about 7 tonsacyr The T
values average about 3 tonsacyr

Animal units are evenly distributed within the subbasin The total

amount of cattle in the subbasin is about 165200 animal units Pigs
amount to 33600 units and chickens to 730000 units Sheep and horses

totaling 6000 and 7700 respectively are located within the subbasin

Diversions grassed waterways tile drainage and contour

stripcropping are the most commonly applied conservation practices on land

devoted to growing continuous corn and corn in rotation Small grain and

hay crops are generally grown on land protected with contour

stripcropping diversions and tile drainage Vegetable crops are

generally farmed on land protected by contour farming stripcropping and

tile drainage
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Conservation plans are needed in about 35 percent of the farms in the

subbasin Greater efforts are needed to increase the amount of plans
being completely followed above the current 25 percent Although 60

percent of the conservation plans are partially followed more effort needs
to be directed toward raising the participation on these plans to an active
status The amount of conservation plans not being followed at all is
anticipated to remain below the 20 percent level

Agricultural land leased by farm operators accounts for about 30

percent of the farmland devoted to crop production Of this amount about
50 percent is being farmed with conservation practices according to a

conservation plan

About 20 percent of the cropland is in need of grassed waterways
minimum tillage contour stripcropping and conservation cropping systems
to meet the T plus 5 level of soil loss To achieve the T plus 2 loss
level on the 40 percent of the cropland in need practices including
diversions stripcropping tile drainage grassed waterways and

conservation cropping systems are required

To achieve 60 percent of the cropland within the allowable soil lossT value terraces and notill farming are needed in addition to all the

above listed practices for treatment

Less than 10 percent of the pasture is in need of diversions grassed
waterways fencing tile drainage and watering facilities to meet the T

plus 2 and T allowable soil loss

Approximately 60 percent of the animal units in the subbasin are in
need of animal waste management systems Controls necessary for properly
storing and handling the manure wastes include manure storage facilities
and safe disposal of wastes

Practices such as terraces waterways and diversions are needed to

control surface runoff from waste disposal areas In addition management
practices such as minimum or notill farming conservation cropping
systems and hay plantings are needed in the disposal area

Feedlots present a special problem because of the heavily concentrated
use by livestock and their close proximity to water courses Measures such
as fencing stream banks diverting runoff with diversions safe water
disposal from buildings rock riprap along stream banks grass borders and
filter strips along streams holding ponds lagoons and relocation of
facilities are essential to control manure waste on feedlots

The trend for the future is for a decrease in agricultural land as land

is converted to developing areas There is an increase in the number of
leased framlands Hayland acreage is expected to drop while land in corn
small grain vegetables and soybean production is on the increase More
farmers will leave crop residues on their fields over winter as the use of
minimum and notill methods increase Winter small grains will provide
more winter cover as they will he used in the rotation of crops

With the increase in notill farming will be an increase in the use of
fertilizers and pesticides The use of nitrogen fertilizer is expected to
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increase rapidly Total use of phosphate fertilizer will increaseespecially for use on grain crops

There will be no significant changes in livestock numbers though thetrend will be for concentration of animals in larger groups

The number of actively followed conservation plans is decreasingthough the application of conservation practices such as the use ofdiversions minimum and notill methods grassed waterways contourstripcropping and installation of animal waste systems will increase

SUSQUEHANNA AND BUSH RIVERS

This drainage area includes both the Bush River basin in Harford Countyand those portions of Hanford and Cecil Counties which drain into theSusquehanna and upper Chesapeake bay Octoraro Creek in Cecil Countydrains a portion of Lancaster and Chester Counties in Pennsylvaniaonservationtilled continuous corn is grown on approximately 35 percent ofthe cropland in these watersheds Most of this corn is planted on slopesof from 3 to 8 percent but some is planted on land with slopes of up to 15percent Average soil losses are from 4 to 8 tonsacyr but losses can beas high as11 tons Very little land in these watersheds is conventionallytilled Double cropping of corn small grain and soybeans isthe Maryland practiced in
portion on about 20 percent of the land Rotations containinghay are practiced in these watersheds on 20 percent of the land and areusually one or two years of corn followed by small grain and then 3 to 5years of hay Soil losses with this rotation generally meet the tolerableloss of 4 tonsacyr

Animal populations are not evenly distributed throughout thewatersheds Only 6000 head of cattle are in the Connowingo to theHavredeGrace drainage area of the Susquehanna and 4500 in the Bush Riversubbasin the segment of the Susquehanna in Pennsylvania from ColumbiaPa to Connowingo has many more cattle Typically the conservationpractices in place are grassed waterways diversions stripcroppingwinter cover and conservation tillage

About 75 to 80 percent of the farmers in these subbasins have plansStatistics on implementing the plans vary between Harford and CecilCounties Only about 15 percent of the farmers in Cecil County have fullyimplemented plans whereas 50 percent are implementing them in Harford
County About 15 percent are not followed at all The farmers are leasingabout 35 percent of their cropland

Cropland in this region needs more of the same practices the farmersare presently applying including conservation tillage diversions
stripcropping waterways animal waste management systems springdevelopments and fencing

Pastureland is scattered throughout the watershed but more and moreoperations are converting to confined feedlots Emphasis needs to be givento locating new feedlots away from streams and diverting and treating therunoff if necessary before discharging it into the streams



Future trends in this segment include a gradual decrease in the number

of farms due to a moderate pressure from the urban segment Cropping

systems will intensify greatly and many of the dairy operations will change

to the raising of feed grains With this conversion will come an increase

in the amount of land in conservation tillage with a corresponding increase

in the use of fertilizer and pesticides Equipment size will also

increase bringing on a decrease in some of the conservation practices

already in place

WEST CHESAPEAKE PATAPSCO JONES FALLS GUNPOWDER AND BACK RIVERS

These watersheds along the western shore of Maryland are all

experiencing moderate to heavy pressures of urbanization from either the

Baltimore or Washington metropolitan areas As in other watersheds

experiencing these pressures the tendency of the farmer is to intensify

his cropping system He is forced to lease land at high rent values and

feels agriculture is insecure in the region This feeling of impermanance

leads to less conservation of the land

Continuous corn with minimum tillage and residues left after harvesting

is the dominant cropping system in the West Chesapeake and Patapsco

basins This cropping system is used on 45 percent of the cropland in

these watersheds whereas it is followed on only 20 percent of the cropland

in the Gunpowder basin The slope of the land on which this rotation is

practiced is generally from 5 to 15 percent with the resulting soil losses

ranging from 5 to 10 tonsacyr and averaging 6 to 7 tons The tolerable

limit is 3 to 4 tons Doublecropped corn small grain and soybeans are

grown on approximately 15 percent of the cropland in the West Chesapeake

and Patapsco whereas it occupies about 50 percent of the cropland in the

Gunpowder With this rotation the soil losses are in the range of 5 to 6

tonsacyr which is still above the allowable 4 tons Other rotations

include the following corn small grains followed by 2 to 4 years of hay

under conventional tillage on 25 percent of the land in the Patapsco

yielding 5 to 7 tons of soil loss tobacco under conventional tillage on 35

percent of the cropland in the West Chesapeake yielding 12 tons of soil

loss and truck crops on less than 10 percent of the cropland in the

Patapsco and Gunpowder yielding soil losses of from 6 to 10 tonsacyr

The animal distribution in these watersheds is insignificant except in

the upper reaches of the Patapsco in Carroll County Even there the

density of livestock is not significant

Conservation practices applied in these watersheds are limited to

conservation tillage and cover crops with limited amounts of grassed

waterways cross slope farming stripcropping and drainage on the flatter

slopes

Fifty percent of the farmers in the Gunpowder and Patapsco watersheds

have conservation plans Of these approximately 10 percent follow them

completely and 20 percent do not follow them at all In the West

Chesapeake however only 40 percent have plans but 25 percent are

following theta entirely Here again 10 percent do not follow them at all

Leasing of land is commonplace in the Gunpowder and Patapsco watersheds

with the farmers leasing approximately 40 percent of the land they



operate In contrast only 15 percent of the cropland is leased in theWest Chesapeake Even here however competition is keen between thefarmer and the developer

A need exists to apply more conservation on the land This
intensivelycropped land needs more conservation tillage waterways
diversions and stripcropping to meet tolerable soil losses

Pastureland and animal waste are of no signifance in the West
Chesapeake basin In the Patapsco and Jones Falls basins as in theGunpowder and Bush basins the concern is in the upper reaches in Carrolland Harford Counties Here animal waste management systems springdevelopments pasture and hayland planting and management livestock
watering facilities and fencing are needed

Future trends in these watersheds will be continued pressure on theagricultural land from the urbanizing activities Again it is difficultto predict how much agriculture will remain in these watersheds by theyear2000 What remains will be small patch farming or highly mechanized cashgrain farming that relies heavily on leased land Pesticide and fertilizeruse will increase as more land is converted to conservation tillage

CHESTER SASSAFRAS AND ELK RIVERS

The upper Eastern Shore varies from the lower shore in that the
topography is more varied Average slopes in these basins range up to 8percent resulting in more erosion on the intensivelycropped fields
Although drainage is an important practice in the Chester it is relativelyinsignificant in the other two watersheds Erosion control and animalwaste management are more significant

Noteworthy in the Elk watershed is a special Agricultural Conservation
Program ACP project on Little Northeast Greek The project has
accelerated funding to control sediment and runoff from animal waste Of
concern however is the farmers inability to contribute his share of thecost

Continuous corn with conservation tillage and the residues left is
grown on about 20 percent of the cropland in these watersheds With the
slopes of up to 8 percent soil losses range from 5 to 8 tonsacyr
compared to a tolerable level of 3 to 4 tons Corn and soybeans are grownon an additional 30 percent of the cropland utilizing conservation tillageand leaving the residues The soil losses and tolerable limit with this
cropping system are approximately the same as for continuous corn Fortypercent of the cropland is doublecropped with corn followed by smallgrain and then soybeans in the second year Soil losses with this systemvary from 4 to 6 tonsacyr compared to the tolerable level of 3 to 4tons The remaining cropland is either in conventionaltilled corn or
soybeans or in a rotation of one or two years of corn followed by 3 to 5
years of hay Soil losses with these cropping systems would be 8 and 2
tonsacyr respectively

The number of livestock are not significant in the Chester basin but
are significant in the Sassafras and Elk Animal distribution is uniformby watershed but density increases in the Sassafras and is more dense inthe Elk



In addition to a preference for conservation tillage most farms have

ponds for livestock water Drainage ditches and subsurface drains have

been installed in the poorlydrained soils to render them suitable for

cropping Other common practices include grassed waterways contour and

crossslope farming contour and field stripcropping diversions critical

area planting spring development rotation grazing pasture and hayland

planting and management and animal waste management systems

Sixty percent of the farms in the Chester watershed have conservation

plans whereas 80 percent in the Sassafras and Elk watersheds have plans

In all three watersheds about onefifth of those having plans do not

follow them at all and only 10 to 15 percent follow them completely The

remaining plans are in various stages of implementation

Farmers in these watersheds are leasing about onethird of the land

they crop In general there is not a conservation plan on leased land and

it is farmed more intensively than the land farmers own Soil losses on

this land would be 2 to 3 tons per acre higher than the land they own

Needed practices are more of the same that have already been

installed Emphasis needs to be placed on conservation tillage

diversions waterways stripcropping spring development and animal waste

management systems Animal access to streams and the close proximity of

feedlots and barns to streams presents a problem that is difficult and

expensive to correct

Future trends in these watersheds will he a continued conversion from

dairy herds to cash grain farming Increased doublecropping of corn

small grains and soybeans will be significant Equipment size will

increase as will the use of fertilizer and pesticides The acreage

operated by farmers will increase with a heavy reliance on leased land

Irrigation fertigation and drainage will increase in the Chester River

basin

LOWER EASTERN SHORE INCLUDING THE POCOMOKE NANTICOKE AND

CHOPTANK RIVERS AND EASTERN BAY

The lower Eastern Shore of Maryland is characterized by lowlyingd

and intensive farming Lack of drainage is the major conservation problem

and locating and constructing suitable drainage outlets is the major

concern The majority of the cropland is on flat terrain with slopes of

only 1 to 2 percent Erosion therefore is not of major concern and

predicted soil losses are only from 1 to 3 tonslacyr The coarse

fragments and even some of the fineparticle sediments are normally settled

out in the ditches before they reach the Bay

Corn and soybeans are the dominant crops in these watersheds Minimum

tillage is rapidly gaining acceptance on the land suited for it Its use

is widespread on the welldrained soils but limited on the poorlydrained

soils This is due to the fact that the surface litter shades the cold wet

soil preventing it from warming up in the spring and thus delaying

germination Approximately 45 percent of the land is in a corn and soybean

rotation utilizing conservation tillage and leaving the residues Another

30 percent of the land is in the same rotation with conventionaltillageDoublecroppingof corn small grains and soybeans using conservation



tillage is practiced on an additional 20 percent of the land The

remaining 10 percent of the land is in truck crops or in a rotation of

soybeans and small grains Soil loss is not of concern Even the most

intense rotations are within the tolerable limits having soil losses of

only3 tonsaclyr

Livestock numbers are small in these watersheds and should not be

considered as a source of pollution There are however poultry and hog

operations which in localized situations can cause animal waste

problems Nitrate pollution to groundwater from these operations needs to

be of particular concern

The principal conservation practice applied on the lower shore is

drainage both open ditch and subsurface drains Many ponds have also

been constructed for irrigation recreation and for fish and wildlife

Field borders and vegetative buffer strips have also been planted to

prevent sediment from entering the drainage system

Seventy to seventyfive percent of the more than 2700 farms in these

watersheds have conservation plans Ninety percent of these plans are at

least partially applied with figures varying widely as to how many are

followed entirely

The farm units here are also growing in size to remain economically

competitive and therefore there is a need to lease land It is estimated

that approximately 40 percent of the cropland is leased Since this land

is flat the leased land does not cause the sediment problems as is

evidenced in the Piedmont and in the rolling hilly or mountainous land

As discussed earlier the main conservation needs are drainage and the

vegetative filter strips associated with the ditches Additional practices

needed are conservation tillage windbreaks and cover crops Irrigation

is becoming more widespread and its use will continue to expand

Pastureland is sparse due to the few number of livestock but animal

waste structures and systems are needed for the hog and poultry

enterprises The number of broilers and hogs continues to increase

It is expected that there will be a continuing emphasis on drainage in

these watersheds to improve cropland With drainage the cropping systems

will intensify and more filter strips will be applied to prolong the

useful life of the ditches Other future trends include larger farm

equipment and increased amounts of fertilizer and pesticides used as

farmers in these watersheds convert to more conservation tillage

Irrigation and fertigation will also increase The size of farming

operations will also increase with more reliance on leased land

PATUXENT UPPER BASIN

This segment lies in the Piedmont physiographic region As in the

Little Falls to Woodbridge segment of the Potomac this segment is

experiencing rapid urban growth and tremendous pressure exists to convert

agricultural land to nonfarm uses Here too the farmer is forced to

lease from speculators and developers rather than from retired farmers



Approximately 75 percent of the cropland is in continuous corn
Conservation tillage is followed on all of this land with the exception ofabout 10 percent planted by conventional tillage with the residues leftOne fourth of the continuous corn acreage is harvested for silage followedby a fall cover crop planted by conservation tillage About 10 percent ofthe cropland planted to continuous corn has the residues removed and nocover crop planted over the winter Other rotations cover the remaining 25percent of upper basin cropland and consist of one year each of corn andsmall grain followed by 2 to 4 years of hay a two year rotation of cornfollowed by small grain and a rotation of 2 to 3 years of soybeansfollowed by 2 to 3 years of hay

Cropland slopes vary from 3 to 15 percent with approximately half beingin the 3 to 8 percent range and the other half being in the 8 to 15 percentrange The more intensive cropping systems tend to be on the flatter
slopes Average soil loss runs from 5 to 7 tonslaclyr for all rotations
except the conventionaltilled corn residues left and conservationtilled
corn residues removed These systems yield a soil loss of 20 to 22tonsacyr The tolerable soil losses range from 3 to 4 tonsacyr

Few animals remain in this portion of the watershed in Montgomery
County those that do are concentrated in the extreme upper portion of the
watershed Likewise in Howard County the animal density increases in theupper portion of the watershed The primary conservation practices usedare conservation tillage and grassed waterways with limited stripcroppingin Howard County Forty to fortyfive percent of the farms have
conservation plans but as in the other urban areas they are extremelyoutofdate This is reflected by the fact that only about 10 percent ofthem are followed in their entirety Eighty percent of the farmers are
following the plans to varying degrees

Leased land plays a major role in these two counties supplying about60 percent of the cropland farmers use Again the leases are shorttermand the price is high The only practice applied to this land is
conservation tillage but occasionally natural drainageways are left insod

Needed on cropland are rotations that include hay stripcroppingdiversions and waterways On the limited pasture acreage rotation
grazing and spring developments are needed Animal waste management
systems are needed on most of the dairy farms in Howard County but only ona limited number in Montgomery County

Future trends in this segment will be for a continued pressure onagricultural land from developers and speculators It is difficult to
speculate as to whether there will be any agriculture remaining by the year2000 other than isolated farms The few farms remaining will be highlyautomated relying heavily on leased land Herbicide and fertilizer usewill increase as this land is converted to more conservation tillage

PATUXENTLOWER BASIN

In contrast to the upper portion of the watershed this river segmentconsists entirely of soils of the coastal plain It is the heart of thetobacco industry in taryland growing approximately 50 percent of the



states tobacco The remaining 50 percent is also grown in southern

Maryland but in that portion draining to the Potomac

Although tobacco is not the major crop of the area it has high average

soil losses and therefore is significant Of importance is the fact that

chemicals are not presently available for the tobacco farmer to apply
conservation tillage Thus the only way to reduce the losses is to

construct the more expensive engineering practices or to take land out of

production Unfortunately many of these farmers own limited acreage and

need all of their land for production In addition the majority of these

farmers find it necessary to work off the farm to supplement income

Tobacco is grown on 30 percent of the cropland in this river segment It

is conventionally tilled and a cover crop is planted on virtually all of

the acreage The tobacco is rotated with small grains when land is

available

Continuous corn is grown on about 50 percent of the cropland in this

segment Conservation tillage is widely accepted and virtually all of the

continuous corn is planted in this manner Approximately 15 percent of the

corn is in a 2year rotation with soybeans with both crops planted by
conventional tillage The remaining cropland is either doublecropped

corn small grain and soybeans or continuous soybeans

The average slopes on cropland in this segment are from 6 to 8

percent This coupled with the intensity of the cropping systems results

in soil losses ranging from 5 to 20 tonsacyr The higher figures are
for the most part on tobacco land The tolerable soil loss ranges from 3

to 5 tonsacreyear Animal populations in these counties are extremely

small and should not be considered as a source of pollution

Stripcropping and grassed waterways are the most commonly used

conservation practices However the number of acres treated is relatively

small A substantial increase is needed in the application of conservation

practices to bring soil losses to within tolerable limits The practices

needed most are diversions sod waterways and stripcropping Rotations

including hay are needed for tobacco but may not be economically feasible

Approximately 40 percent of the farms in this segment of the Patuxent

have conservation plans This low percentage is explained when an analysis

is made of the definition of a farm The Census of Agriculture defines a

farm as any place from which 1000 dollars or more of agricultural products

was sold or normally would have been sold This definition could include a

farmer growing less than one half an acre of tobacco Many farmers grow

just a few acres and they dont have conservation problems ie are not

district cooperators and do not seek conservation plans Of the

cooperators 15 to 20 percent follow their plans completely while about the

same number do not follow them at all This leaves the majority of farmers

implementing them in varying degress

Approximately 30 percent of the cropland is leased The leases are

usually shortterm so that farmers have little incentive to apply

conservation to the land

Trends in this segment are somewhat difficult to predict Tobacco

faces the same uncertainties of outofdate markets and mechanization as



described in the lower Potomac segments Cash grain operations will
increase in acreage and will rely heavily on leased land Fertilizer and
pesticide use will increase as the farmers convert to conservation
tillage The size of equipment will not increase substantially on the landfarmed in tobacco but will on land farmed for cash grains

POTOMAC RIVER NORTH BRANCH

Agriculture as a pollutor on this river basin segment is masked by the
acid runoff from both active and abandoned coal mines Also agricultureis less intense here than anywhere else in Maryland

The Soil Conservation Service is workingto clean up pollution from themines The Rural Abandoned Hine Program RAMP administered by SCS andfunded through the Department of Interior is a program to reclaim existingabandoned mines and eliminate them from being a source of sediment and acidwater To date three mines have been reclaimed with two more plannedBecause the budget for the program is limited only the surface ofthe
problem is being scratched

the active mining program falls under the Surface Mine Reclamation Act
of the State of Maryland This program adequately addresses sediment
control and discharge of acid water during mining Soil Conservation
Districts review all plans for sediment control

The cropping systems in this segment are not intense Very little
continuous corn is grown Most commonly the rotation is one or two yearsof corn followed by a small grain and then followed by 3 to 5 years of
hay Tillage is for the most part by conventional means

Although the rotations are not intense the slopes are steep rangingfrom 5 to 25 percent resulting in soil losses averaging 5 to 6 tonsacyrTolerable soil losses are from 3 to 4 tonsacyr

Most of the farmers in this segment are parttime operators with the
majority of their income earned off the farm Parttime farmers tend to
expend little on lime and fertilizer which results in overgrazed pasturesand low animal unit densities Although the pastures are overgrazed the
soil losses in most instances fall within the tolerable limits

Few dairy herds remain in this segment The rugged topography limits
crop production Unable to expand to compete those operations have
either converted to less intensive beef operations or have reverted to
woodland Animal waste is not a problem because of the low animal density

Conservation plans have been written on only a small portion of the
farms in this segment The plans however are on the active farms the
larger areas and the farms having problems The conservation problems are
being addressed in this area Statistics on conservation plans and plansImplemented are misleading in this segment because many of the plans are
for woodland or parttime operations

Leased land varies widely by county ranging from about 5 percent in
Garrett County to about 20 percent inAllegany County



Conversion to conservation tillage will probably be slow in this

segment The farmers have a continuing need for conventional equipment for

hayland and pasture planting Because the operations are small the
farmers cannot justify owning two sets of equipment Even when low cost
notill pasture seeding equipment becomes available the conversion will be
slow

Additional practices are needed on cropland to meet the tolerable
limits of 3 tonsacyr Practices such as stripcropping waterways and
diversions are needed For pasture the principal practices needed are
liming fertilizing rotational grazing pasture management and spring
development In woodland timber stand improvement and sediment control
during harvest are also needed

The trends in this segment vary from statewide trends in that there
will not be an intensification of cropping systems In this segment the

equipment will not become larger there is not a reliance on leased
land and conservation tillage will not become commonplace The farms will
continue as parttime farms with the owners earning a substantial portion
of their income off the farm

POTOMAC RIVER MAIN STEM FROM NORTH BRANCH TO
LITTLE FALLS INCLUDING MONOCACY

This river segment drains one of the most intensivelyfarmed dairy
regions of the state Conservation programs are active on farms in these
subwatersheds with a substantial amount of conservation practices
established Notill and minimum till are practiced on the cropland and
stripcropping and waterways are commonplace High priority has been
established in the soil conservation districts to design and install all
requests for assistance

Noteworthy in this subwatershed are two programs in addition to the
traditional soil conservation program The programs are aimed particularly
at controlling sediment and animal waste runoff from agriculture

First is the Rural Clean Water Project RCWP on Double Pipe Creek in
Carroll County in the headwaters of the Monocacy basin This joint
USDAEPA undertaking is an approximately 4 million dollar project and
covers approximately 100000 acres

The second project is an SCS PL566 Watershed Protection project on
Seneca Creek in Montgomery County Although not yet operational the

planning for this project is complete The project will be implemented in

conjunction with the construction of an emergency water supply reservoir on
Little Seneca Creek by the Washington Suburban Sanitary Commission

Approximately half of the cropland in this segment is in continuous
corn with either notill or minimum till being practiced The residues are
left on the land when corn is planted for grain while a cover crop is

planted on the land when corn is produced for silage Other cropping
systems include rotations of two years of corn followed by small grains
and then 3 to 5 years of hay In these systems approximately 50 percent
is planted by conventionaltillage methods and 50 percent is planted using
some form of conservation tillage



The average slope of most cropland is in the 3 to 8 percent range

although a small percentage will be in the 8 to 15 percent range The

application of conservation tillage has reduced average annual soil loss to

5 to 7 tonsacyr Additional practices needed to reduce soil loss down to

the tolerable 3 tonsacyr are stripcropping diversions waterways and

contour farming

The high number and concentration of animals in this segment calls for

special planning to control animal waste Waste management systems plans

are needed for most of the dairy operations The plans address the proper

handling of waste from its generation to its storage and the application

to the fields at rates to match crop needs They also match timing of

application to minimize the threat of runoff The manure is not applied to

frozen ground or in floodplains when the risk of flooding is high

Estimates for the number of cattle in this segment vary from 150000 to

200000 with fairly even distribution throughout The cost of installing

the needed animal waste storage facilities varies but best estimates are a

mimimum of 6 million dollars

Although there are constant pressures in this segment to convert active

farmland to minifarm and nonfarm uses the problems here are not of the

same magnitude as in the Washington and Baltimore areas In fact the

agricultural portion of Montgomery County is now in an exclusive

agricultural zone utilizing transferable development rights Also more

land has been purchased in Carroll County under the State Agricultural

Preservation Program than in any other county in the state This leads to

a relative permanence of agriculture

In this basin approximately 60 percent of the farmers have

conservation plans and the plans are more closely followed than in any

other Maryland river basin About 25 percent of the plans are followed in

their entirety However about 10 to 15 percent are not followed at all
The plans in this segment are probably more current than any in the

watershed because an active program of conservation planning has been

followed in these counties for many years

Although there is not a great amount of leased land 15 to 20 percent

in this segment the problems associated with leased land exist The

situation here however is usually due to retired farmers leasing to other

farmers rather than speculators or developers leasing to farmers In this

situation the lessor better understands the farmers situation Because of

the shortterm leases however the farmer does not have the incentive to

apply conservation and his capital outlays are usually only for fertilizer

and perhaps lime

Trends in this segment will be a decrease in the number of dairy herds

but with an increase in the herd size on those remaining The number of

cattle will remain constant The farmswill become more automated and

cropping systems will intensify More animal waste management systems will

be installed and the efficient use of manure will be practiced Some of

the existing conservation practices will be removed to accomodate the

larger equipment Leasing of land will be more prevalent



POTOMAC RIVER LITTLE FALLS AND SOUTH TO WOODBRIDGE

This river segment contains the urban and urbanizing Washington
metropolitan area These urbanizing activities are infringing on the

agricultural lands The farmers in this area are unable to compete for

land with the developers and speculators and as a result cannot expand
their operations as needed to keep economically viable units The only way
to be competitive is to rent from speculators on a shortterm basis and to

intensify their cropping systems

The high percentage of the continuous cropland in this reach of the
Potomac reflects the concerns above Of the almost 1100 farms 70 percent
of the cropland is in continuous corn and another 5 percent of the cropland
is in continuous tobacco Fortunately the use of notill or minimum
tillage systems is widespread with much of the corn acreage in one of these
tillage systems For tobacco however the chemicals are not currently
available for farmers to utilize this practice therefore they plow disc
and cultivate to produce the crop The remaining 30 percent of cropland is
planted to various rotations of corn small grain and hay 25 percent or

soybeans for one or two years followed by 2 to 4 years of hay 5 percent
Minimum tillage is followed on much of this acreage the years it is

cropped but a seedbed is prepared in the years it goes to hay

The average slope on the crop fields is from 4 to 15 percent about

equally divided in the slope categories 3 to 8 and 8 to 15 percent
Average soil losses are estimated to be 6 to 8 tonsacyr on all crops
except tobacco which is estimated at 20 tonsacyr The tolerable soil
loss is 3 tonsacyr

This segment has virtually no animals and therefore pollution from
animal waste should not be considered

The most typical conservation practices applied in this segment are

conservation tillage either notill or minimum tillage and sod

waterways To reduce soil loss to within tolerable limits practices such

as conservation tillage stripcropping crop rotations diversions
contouring and sod waterways are also needed High incentives will need

to be offered to get conservation on the land in this segment because of

the high cost of land and the impermanance of agriculture

Approximately 40 percent of the farmers in this segment have
conservation plans but most are not current With the passage of the

Maryland Sediment Control Law in 1970 the activities of SCS and SCD turned
toward the urban programs The agricultural program has suffered as a

result because no new staff was provided Of the farmers with conservation

plans only about 10 percent of them follow them completely Seventyfive
percent follow them to varying degrees This is a reflection of

outofdate plans and a lack of an adequate followup system because of the

lack of staff

Leasing of agricultural land is commonly practiced in this segment
For the most part land is leased for the shortterm 1 yr and at a high
cost This is true more so in this segment than any other segment in the

basin The situation of high rent and shortterm is not conducive to

applying conservation practices to the land Few longterm conservation



practices or practices which convert cropland to other uses are applied
Fortunately conservation tillage is gaining widespread acceptance and is

being applied on more and more of this land

Needed practices in this segment are more conservation tillage
waterways stripcropping diversions contour farming and crop
rotations Pasture management and animal waste management are not problems
in this segment

Future trends include continuing pressures on the use of land for

agriculture A decrease is expected in both the numbers of farms and the

acreage of cropland The future of the tobacco industry is uncertain due
to new competition from other states and new mechanization in harvesting
Production of feed grains will remain but much of this will be on land

leased from developers and speculators The size of equipment will
increase as will the amounts of fertilizer and herbicides applied

POTOMAC RIVE1IWOODBRIDGE TO MOUTHMARYLAND SIDE

Conversion from conventional to conservation tillage has not occurred
in this segment of the river basin The major obstacle to conversion is

that many of the farmers are tobacco farmers and they need conventional

equipment for growing that crop They cannot justify owning two sets of

equipment This segment plus the lower Patuxent is the heart of the

tobacco growing region in Maryland Fifty percent of the tobacco grown in
the State of Maryland is grown in the drainage area of this segment

Cover crops are applied to virtually all tobacco land The residues

are left on corn and soybean ground Approximately 25 percent of the

cropland in this segment is in tobacco with 50 percent in corn and the

remaining 25 percent in soybeans There is little pastureland and waste

management is not a problem

Average slopes are in the 3 to 8 percent range but cropping occurs on

slopes up to 15 percent Soil losses for corn and soybeans average 6 to b

tonsacyear while on tobacco they are as high as 20 to 25 tons The

tolerable limits are 3to 4 tons There are over 2400 farms in this

segment of which about 40 percent have conservation plans Many of these

plans are also outofdate Only 15 to 20 percent are followed in their

entirety and about the same percentage of plans are not followed at all

Leasing of land is not as prevalent in this segment as it is in the

upstream Metropolitan Washington area segment Still however

approximately 20 to 25 percent of the land is leased Development

pressures are strong in Charles County and those farmers face the same

problems of high rent and shortterm leases

The need for conservation on cropland includes more conservation

tillage on corn and soybean ground Diversions waterways contour

farming stripcropping and longer rotations are also needed the acreage
in pasture and the number of animals in this segment are insignificant



Pressures from development especially in Charles County will increase
in this segment in the future The same uncertainties of the tobacco

industry are the same as in the segment to the north The average size of

a farm will not increase substantially but the size of the cash grain
operations will increase The majority of land under cultivation will be

leased Conservation tillage will increase on all land except where
tobacco is grown unless a breakthrough in technology occurs



SECTION 3

CONTROL OPTIONS

Average annual soil losses throughout the Chesapeake Bay basin are in

the range of 6 to 8 tansacyr for most crops Notable exceptions to this
are tobacco and truck crops where the losses can range from 20 to 25

tonacyr The tolerable soil losses in the basin range from 1 to 5

tonacyr with the vast majority of the soils in the 3 to 4 tonsacyr
range

Average reductions in soil loss of approximately 4 tonsacyr are
needed on all crops except tobacco and truck crops Currently in

Maryland some form of conservation tillage is being practiced on about 60
percent of the cropland Predictions are that by the year 2000 it will be

practiced on 80 percent of all cropland and on 90 percent of the corn
small grain and soybeans In Pennsylvania conservation tillage or
notill is presently practiced on about 45 percent of the cropland It is

predicted that by the year 2000 60 percent of the cropland will be
receiving notill and conservation tillage To qualify as conservation
tillage a minimum of 2000 pounds per acre of crop residue needs to be

maintained on the surface after planting This increase will produce a net

average reduction of 1 tonacyr Conservation tillage is not applicable
to tobacco vegetables and truck crops because the chemicals are not yet
available to control the weeds without injuring the crops

Cost effectiveness of practices to reduce soil loss is difficult if
not impossible to predict Individual practices are planned and installed
as part of cropping systems The systems vary from the installation of one
or two conservation practices to the installation of many practices
Systems vary from farm to farm and from field to field Unlike tangible
products such as sewage treatment plants where greater treatment
effectiveness translates into higher costs in agricultural conservation
systems some of the least costly conservation practices can be the most
effective Conservation tillage is a prime example It has low cost and
the benefit is high

Levels of treatment to meet a soil loss reduction can however be

discussed in general terms For example if the present soil losses are 4

tonsacyr over the tolerable loss T or at T plus 4 level then the
losses can be reduced to T plus 2 and T Generally speaking they are
categories of conservation practices that will accomplish each level of
reduction

As discussed then T plus 3 level can be reached as farmers expand the
use of conservation tillage which on the average will reduce soil loss
by 1 tonacyr The operating costs of conservation tillage are less than
costs for conventional tillage and by helping to maintain a productive
soil base conservation tillage is a benefit to the farmer However he
does have to purchase new equipment Some farmers will purchase this

equipment ahead of their replacement schedule but many will delay purchase
until the time when the old equipment wears out or becomes outdated

Reductions below the T plus 3 level are generally costly The cost to

apply stripcropping is high because this practice takes land out of crop
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production and puts it into hay which does not always have a market This
practice is an option on some dairy farms but is not a viable option for
most grain farms Also with rotations intensifying use of this practice
is expected to decrease

Installation of filter strips is a practice gaining acceptance This

practice has no effect on changing soil loss but it traps a percentage of
the sediment before leaving the fields and prevents it from getting into
the streams The cost is the per acre cost of seeding and the cost of land

lost from production

Use of grassed waterways is another practice that does not reduce the

calculated soil loss of a field Waterways are either constructed or
natural drainageways left out of cultivation and seeded to a closegrowing
grass The purpose of a waterway is to carry stormwater safely off the

field It traps some sediments in the process when the grade is flat and
the velocity is low They are also constructed as outlets for diversions
and terraces Costs vary from a per acre seeding cost for natural

waterways to a cost for construction of the waterway plus the seeding
cost Land is also lost from production

Contour farming is a practice that does reduce soil loss True

contouring is becoming less popular as the size of equipment becomes
larger Cross slope farming is used when true contouring is impractical
All of the above except contouring and crossslope farming have a cost of

land taken from cropping

To reach the tolerable soil loss T requires a unique combination of a

number of the above practices in addition to practices such as diversions
and terraces Diversions take land out of production and terraces
although they do not take land out of production are suited to only a

limited number of acres With the advent of larger equipment it is

important to have these as parallel as possible but to do this the land
has to slope uniformly Cut and fill terraces are installed in

Pennsylvania to maintain uniform spacing and alignment Although this

technique increases the cost it will make the terrace system more useable
and practical for farmers The costs for diversions are the costs of

construction the seeding costs and the cost of land renoved from

cropping The costs of terraces are related primarily to the costs of

construction

Another method of control is not to be concerned as much with meeting
the T level as it is concerned with preventing the sediments from entering
the water This is sediment control versus erosion control and does not

protect the agricultural land base It must be recognized that when
sediment control is undertaken there are no benefits accrued to the

farmer The benefits are to the downstream wateruser Farmers often

suggest that because the benefits are to the public the costs should be

borne by the public A combination of sediment control and erosion control
is probably needed on lands where erosion rates are high such as on
tobacco and truck cropland as well as on fragile cropland in grain

Sediment control practices include sediment basins sediment traps and
filter strips The basins and traps are expensive to install and have high

operation and maintenance costs Inspection is required to ensure that the
basins are cleaned out to operate at their designed trap efficiency



Animal waste management systems are needed on an estimated 50 to 60

percent of the livestock hog and poultry operations in the basin
Systems can be simply the planning or the timing of manure application to

minimize its runoff and the planning of application rates to meet the crop
needs In many instances however more complex systems are needed These
can consist of storage facilities traps lagoons pumps pipes and

special handling equipment Costs of these systems can vary from 15000 to

100000 dollars and more

In Maryland the State Soil Conservation Committee SSCC estimated the

cost of adequately carrying out the present agricultural and urban sediment
control programs and to implement the 208 program Estimates for technical
assistance alone amounted to over I million dollars per year Implementing
best management practices in the top three priority areas would cost 24
million dollars over a 10 year period An estimated 116 million dollars
in Federal costsharing funds will be available over the next 10 years in

current Federal programs that provide assistance in the application of

practices that relate to water quality These funds require matching local
funds ranging from 25 to 40 percent The matching required funds are
estimated from between 3 to 8 million dollars This indicates a shortage
of 36 to 76 million dollars over the next 10 years The new State of

Maryland 10 million dollar agricultural costshare program should help to
alleviate conservation needs in at least the cop three critical areas

Soil conservation districts will concentrate available resources in the

critical areas However the amount of assistance currently obtainable
both costsharing and technical is not sufficient to meet all the goals of
the Maryland Agricultural Water Quality Program



SECTION 4

ADMINISTRATIVE ALTERNATIVES

INTRODUCTION

Congress in its concern about the condition of the nations basicnonfederal resources passed the Soil and Water Resources Conservation Actof 1977 RCA In the Act Congress asked the Secretary of Agriculturethree basic questions

1 What are the resource problems2 How do you propose to solve these problems3 What are the expected results of your solution

The Problem

The Secretary conducted an appraisal to determine the statuscondition and trends of the nations soil water and related resourcesThe 1980 RCA Appraisal showed that conservation problems threaten to reduceagricultural productive capacity and increase production costs Specificfindings of the Appraisal include

o Much agricultural land is eroding faster than the soil can rebuilditself through natural processes Unless corrective actions aretaken the acreage of this excessively eroding land will increasefurther

_ Floods threaten human life property livestock and crops in
upstream watersheds The likelihood is for greater damage in thefuture

o Depletion of ground water threatens the continuation of irrigatedagriculture in extensive areas of the west and isolated areas inthe east such as the orchard areas in southcentral Pennsylvania

o Deterioration of water quality limits potential use of water for
irrigation municipal and industrial supply fish and wildlife
habitat and other purposes

Alternative Strategies

To accomplish the objectives proposed for each resource areaalternative approaches for carrying out the activities have been examinedAny of these strategies or a combination of them could be used in futureprograms Some could be tested in a specific area for a period of time todetermine their effectiveness Regional and state differences in
governmental administration laws tax structures landuse controls andsocial and economic structure will effect a given conservation strategy

A key test of the alternative strategies is whether or not they
effectively achieve conservation objectives The full range of strategiesruns from no Federal action to complete regulation The strategiespresented below are thought to be consistent with the intent of the RCA andare offered for consideration and comment



Natural resource problems tend to be caused by the failure of
established institutions to reflect the full social value of soil and water
resources to those who use them Commodity markets offer financial rewards
to farmers for the production of crops and livestock The dependence of

farmers on those markets for income tends to force them to maximize the

production of marketable commodities over the nearterm Expenditures for
the conservation of soil and water resources in general produce few
nearterm benefits if any Therefore the market offers no nearterm
rewards to farmers for the conservation of soil and water resources

Consequently farmers tend to emphasize nearterm production for current
income at the expense of the social value of natural resources

Before and during the Great Depression few substitutes for natural

fertility were available Consequently farmers practiced conservation to

prevent yield reductions Over the past 40 years commercial fertilizers
pesticides new plant varieties and the intensive use of multirow

equipment have tended to reduce farmers nearterm motivation to practice
soil and water conservation Increases in land prices and in the variable
costs of production have tended to reduce net income margins on a per acre
basis This requires relatively more land to maintain a given level of net

farm income Widespread leasing of farmland speculation in land and

other changes in land tenure suggest that reliance on a close family
attachment to land as a motivation to conserve may not be appropriate or
effective Between 2 and 3 percent of all agricultural land changes
ownership annually Over half of all agricultural land has changed
ownership since 1960

In summary farming today is a business requiring the investment of

time and money resources to achieve maximum return on that investment The

incentive to conserve must fit into the plan of investing in resources and

reaping benefits

Given the issues above which tend to limit the extent of conservation
seven strategies were presented for organizing and delivering conservation

programs at the national level redirecting present programs cross
compliance among USDA programs regional resource projects state
leadership regulatory emphasis conservation performance bonus and
natural resource contracts Farmers conservation districts and farm
organizations viewed these strategies with varying degrees of acceptance
ranging from a totally nonacceptable regulatory program to the preferred
voluntary program with increased incentives From these seven strategies
the USDA put together a preferred program Alternative 1 continuation of
current program trends and alternative 2 redirection of Federal programs

USDA Preferred
ProgramsBased

upon the responses to the seven strategies the USDA developed a

preferred program that establishes clear national priorities for addressing
problems associated with soil water and related resources over the next

five years The highest priority of the preferred program is reduction of
soil erosion to maintain the longterm productivity of agricultural land
The next highest priority is reduction of flood damages where risks are

highest in upstream areas Water conservation and supply management water
quality improvement and communityrelated conservation problems have next
priority Fish and wildlife habitat improvement and organic waste
management are an integral part of solutions to these problems



This program strengthens the existing partnership among landowners and
users local and state governments and the Federal government Throughthis partnership the program

o Provides Federal matching block grants to states by reducing
Federal conservation program funds

0 Provides for a Local Conservation Coordination Board made up of
representatives of the conservation district county Agriculture
Stabilization and Conservation ASC committee extension advisory
committee and other interested parties This board will appraiselocal conditions and needs and develop a program through existing
local state and Federal institutions The local board will
identify critical resource problem areas and set priorities for
action to achieve program objectives

o Provides for a State Conservation Coordinating Board with members
appointed by the Governor to appraise overall state resource
conditions and needs This board will build on local programs in
identifying statewide critical problem areas setting priorities
and developing the state program

_ Establishes a USDA National Conservation Board to advise the
Secretary of Agriculture on conservation matters

o Bases state and Federal cooperative conservation actions on an
agreement between each Governor and the Secretary of Agriculture

Continues or initiates actions to

o Target an increased proportion of USDA conservation program funds
and personnel to critical areas where soil erosion or other
resource problems threaten the productive capacity of soil and
water resources

o Emphasize conservation tillage and other costefficient measures
for reducing soil erosion and solving related problems

_ Evaluate tax incentives as an inducement to increased use of
conservation systems

o Increase emphasis on technical and financial assistance to farmers
and ranchers who plan and install any needed costefficient
conservation system

o Target USDA research education and information services toward
problems that impair agricultural productivity while continuing
basic research into the causes and cures of resource degradation

o Set up pilot projects to test new solutions to conservation
problems

Require landowners to have a conservation plan in order to be
eligible for Farmers Home Administration loans crosscompliance



a Minimize conflicts among features of USDA farm programs that limit
achievement of conservation objectives

0 Strengthen collection and analysis of resource data

o Evaluate and analyze conservation progress

_ Expand the use of longterm agreements in providing conservation
assistance to farmers or ranchers

Alternative 1 Continuation of Current ProgramTrendsCurrent
trends in the USDA soil and water conservation programs would

continue with this alternative These trends if continued would result
in lower funding and further degradation of soil water and related
resources

Alternative 2 Redirection of Federal Programs

The USDA would redirect its programs with this alternative so that it
would target a larger share of its assistance to solving critical resource
problems Resource conditions would at best improve only slightly from
what they are now

Conclusions

The Secretary rejected these alternatives as too weak to solve the

problems and unresponsive to public opinion

Of the preferred program and the two alternative programs presented
Maryland respondents showed most support for the Secretarys preferred
program with changes About 71 percent supported the preferred program
compared to 36 percent for Alternative 1 Continuation of Current Trends
and 24 percent for Alternative 2 Redirection

Comments show respondents did not like all aspects of the preferred
program They opposed block grants unless accompanied by additional
funding and the creation of new local state and national coordinating
boards They were divided on the issues of targeting and having local
boards identify and solve critical problems An overwhelming majority of
respondents felt that Federal funding for conservation should be increased
over that called for in the program alternatives They felt that erosion
would increase and the resource base degrade if Federal conservation
assistance was reduced in Maryland

Those who supported Alternative 1 thought current programs were
effective and should be improved through increased funding and the

legislative process Comments on Alternative 2 varied considerably from
support to opposition

In

PennsylvaniaAlternative

1 Continuation of Current Program Trends was supported by603 percent of those individuals responding on the response form In
addition 173 narrative comments were processed and indicated by an 884



percent margin support for the continuation of current programs This
support was further qualified by 47 commenters favoring continuing presentprograms with additional money and 75 voting continuation with no
qualifying factors A small number favored continuation but suggested thatprogram refinement was needed

The preferred program was opposed by a majority of respondents
Approximately onethird of the respondents 729 persons supported thisalternativewith 28 qualifying their support with the formation of no newcommittees and grants being funded from new or additional monies
Narrative commenters were critical of this alternative citing the
unnecessary formulation of new boards duplication of services and a
discriminatory posture the alternative takes toward the northeast Thereis a general opinion that the soil loss criteria for targeting does not
adequately address or consider the fragile soils of the northeast and wouldhave detrimental impacts on this region There was also concern thatstates could not handle program responsibilities as well as the Federal
government

Alternative 2 Redirection of Federal Programs was opposed by 527
percent of the respondents There were 31 percent supportive of this
alternative and 164 percent were neutral In evaluating this alternativethere were very few comments and no clear indication of why or how
respondents took the position they selected

The National Association of Conservation Districts representingconservation districts nationwide supported the preferred program with
reservations Their opinion is that state associations state conservation
committees and local Soil Conservation Districts are already in place andno new committees are needed If block grants are given it should be
funneled through these groups They also feel the grants should be fromnew money

RECOMMENDATIONS FROM MARYLAND AND PENNSYLVANIA

Presently the USDAs Agricultural SCablii4ation and Ccflservatlon
Service ASCS has costahare programs to share costs on the installationof conservation practices This program has limited funds autttorizecj by
Congress and has a 3500 dollara limitatign on payment to any farnaer ea all
year This limitation has been in effect for a number of Yearp The costof installing the practices has risen drannatically over these years
Although the program can theoretically pay up tq 75 percent of the costthe 3500 dollar maximum prevents thin from happening his is especiallytrue for animal waste management syptemr where the costs range from 15000dollars to over 100000 dollars per system Annually members of Congresshave tried to gat this limitation removed as well ap trying to het thetotal appropriation increased These efforts have been unsuccessful Atbest the program has maintained a constant level from Year to yearRenewed efforts are needed at the natioiial lowwl to iflgreas© the minimumcostshare payments



State CostShare Program

The 1982 session of the Maryland General Assembly passed a statecostsharebill authorizing expenditures of 500000 dollars per year for a10yearperiod for the installation of the best management practices The
program is supplemental to the Federal ASCS program It would authorize upto 87 percent of the cost of establishing eligible practices not to viceed5000 dollars per operating unit per year This costsharing program wouldbe implemented at the soil conservation district level Pennsylvania doesnot have a state costshare program

OTHER PROGRAM

The Maryland State Soil Conservation Committee and the PennsylvaniaState Conservation Commission representing soil conservation districts andstate agricultural leaders support the following programs

Tax Incentives

To investigate methods for financial assistance such as low interestloans and tax incentives for the installation of conservation practicesIt is felt that lowcost money would stimulate the application ofconservation practices

Agricultural Land Preservation

To actively promote and support State Agricultural Preservation
Programs Farmers in Maryland have been active in forming agriculturaldistricts but more money is needed for the state to purchase developmentrights on agricultural land

Technical Assistance

To provide assistance necessary for districts to develop afarmconservation plan on each farm in the two states This assistancewill require substantial increases in funding to conservation districtsSources of this funding are not identified at present

Drainage Maryland

To advocate increased costsharing for maintenance of ditches asallowed under Section 8 of the Agricultural Code of Maryland Improveddrainage allows farmers to change from a rotation of continuous soybeans toa cornsoybean rotation or a doublecropped cornsmall grainsoybeanrotation Both reduce soil losses

other alternative strategies that may be considered are

Conservation Planning

Conservation plans could be required on all agricultural land in thebasin The plans could be written by the farmer an agricultural
consultant the SCS or the SCD The plans would need to be approved bythe SCD Once approved additional technical help would be needed forapplication of the practices



Leased Land

Lack of conservation on leased land is of major concern in the basin

one potential solution is to disallow agricultural preferential taxes

unless the land has sound conservation practices and allowable soil loss

limits are being achieved Care has to be exercised that the owner rather

than the user pays the costs of applying the conservation

Regulatory Program

A regulatory program for agriculture has generally been discarded as an

ineffective means to accomplish the objective It is felt that with

adequate staffs and appropriate costsharing conservation could be applied

to 90 to 95 percent of the land Should a regulatory program be

established it is felt that an advisory relationship would be established

between the farmer and the agricultural agencies In addition it is also

felt that large sums of money would be required to hire inspectors for

enforcement Agricultural leaders are convinced that this money wouldbe

more wisely invested in costshare programs
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ATTACHMENT I

MARYLAND

USDA 1982 Resources Conservation Act
Executive Summary Maryland and Washington DC

This report is based on 1271 responses received in the state of Maryland during
the November 1981January 1982 RCA public response period These were responses
to the Secretary of Agricultures Preferred Program for conserving the Nations
soil and water resources The Program is described in the USDA publication
1981 Program Report and Environmental Impact Statement Revised Draft

Analysis of the responses show that the majority of respondents 73 percent
are affiliated with a group that has a stake in the final program About 27

percent were agricultural organization members 15 percent local or state
government employees or officials 9 percent USDA employees or officials
9 percent environmental organization members 6 percent conservation district
board members 5 percent county ASC committee members 2 percent federal
employees or officials other than USDA and 26 percent individuals About
53 percent were farmers

Of the three alternative programs presented respondents showed most support
for the Secretarys preferred prgram with changes About 71 percent supported
the preferred program compared to 36 percent for Alternative I Continuation
of Current Trends and 24 percent for Alternative 2 Redirection

Comments show respondents did not like all aspects of the preferred program
They opposed block grants unless accompanied by additional funding and the

creation of new local state and national coordinating boards They were
divided on the issues of targeting and having local boards identify and solve
critical problems An overwhelming majority of respondents felt federal funding
for conservation should be increased over that called for in the program
alternatives They felt that erosion would increase and the resource base
degrade if federal conservation assistance was reduced in Maryland

Those who supported Alternative 1 thought current programs were effective and
should be improved through increased funding and the legislative process
Comments on Alternative 2 varied considerably from support to opposition
Reaction to each of the preferred program features follows

Feature 1 A strong majority favored setting clear national priorities
The majority agreed that erosion and flood control should be

national priorities Some felt national priorities should be

balanced with local needs and suggested other resource problems
be considered high priority as well

Feature 2 There was strong support for strengthening existing partnerships
among landowners and users local and state governments and

the Federal government

Feature 3 The majority of respondents opposed block grants Comments show

they favored the concept but objected to funding grants by
reducing current conservation programs



Feature 4 Respondents rejected the idea of creating local coordinating
boards They felt existing local conservation districts should
assume this function

Feature 5 Although a small majority supported having local boards identify
and set priorities for critical resource problem areas comments
show respondents felt conservation districts should have this

function since they were already doing this

Feature 6 Respondents opposed the creation of a new state conservation

coordinating board They felt this should be handled by the

existing State Soil Conservation Committee

Feature 7 Respondents opposed creating a national coordinating board
They felt the role of this board had not been clearly defined

Feature 8 A majority favored cooperative agreements between the Governor
and the Secretary of Agriculture

Feature 9 Respondents endorsed the idea of closer cooperation and budget
coordination among USDA agencies

Feature 10 Respondents were divided on the issue of targeting funds and
personnel to critical problem areas Comments show they felt

targeting should be done with additional funding

Feature 11 Respondents supported emphasizing costeffective conservation
measures

Feature 12 Using tax incentives as inducements for practicing conservation
received strong support

Feature 13 Respondents strongly supported USDA emphasizing assistance for

planning and installing conservation systems

Feature 14 Targeting research and education toward conservation problems
that impair productivity received strong support Those who
commented thought information and education programs should
be improved and funded

Feature 15 Respondents supported the idea of pilot projects

Feature 16 A slim majority supported the idea of cross compliance for FmHA
borrowers Those who commented felt plans should he implemented
and be required for all USDA programs

Feature 17 Respondents favored evaluating and analyzing conservation
progress

Feature 18 A large majority supported minimizing conflicts among USDA
farm programs

Feature 19 Respondents supported strengthening data collection and analysis

Feature 20 Respondents supported expanding the use of longterm agreements



All 39 responding districts opposed this feature as a duplication of the State
Conservation Commission as established under Pennsylvania law All farm
organizations opposed while government was divided four in favor and seven
opposed

Opposed were 733 percent of the individual respondents citing similar reasons
as conservation districts

7 Establishing a USDA national conservation board which advises the Secretaryof Agriculture

State and local governments including conservation districts expressed heavy
opposition to this feature as too political bureaucratic and lacking purpose

Individuals opposed this feature by 585 percent for the same reasons as
presented by governmental units

8 Basing cooperative actions on an agreement between each Governor and the
Secretary of Agriculture

Approximately onefourth of those responding both groups and individuals were
neutral on this issue The USDAGovernor agreement is weakly opposed without
a majority for or against this feature

9 Providing closer cooperation and budget coordination among USDA agencies with
conservation program responsibilities

All groups and individuals heavily supported this feature

10 Targeting more USDA funds and personnel to areas where erosion or other
conditions threaten the productive capacity of soil and water resources

All groups and individuals supported this feature to varying degrees A generalconcern was voiced that targeting could be discriminatory against Pennsylvaniaand the Northeast The criteria for targeting does not give consideration to
the fragile soils of the Northeast and other factors like nearness to markets
and population

11 Emphasizing the conservation measures that are most costeffective in
reducing erosion

All groups and individuals heavily supported this feature They did cite a
need for management systems future study of effects and additional financial
incentives

12 Evaluating tax incentives as an inducement to increase use of conservation
systems

All groups and individuals heavily endorsed tax incentives as encouraging soil
and water conservation application



Respondents also volunteered comments on other resource topics not specificallycovered in the program alternatives Significant numbers of respondents felt
that water management drainage preservation of prime farmland urban
conservation and water quality should receive consideration in USDA programs

Respondents who commented on the RCA process felt that the questionnaire wasbiased and was constructed to elicit the comments USDA wanted others feltthe documents were also biased and did not present enough objective information

Many of the comments volunteered by respondents concerned funding of programsMost felt that conservation programs were not adequately funded and that
funding should be increased



ATTACHMENT 2

PENNSYLVANIA

USDA 1982 Resources Conservation Act

Executive Summary Pennsylvania and Washington DC

This report is based on 2291 individual and 71 group and governmental unit

responses received in Pennsylvania during the November 1981January 1982 RCA
public response period These were responses to the Secretary of Agricultures
preferred program for conserving the Nations soil and water resources The

program is described in the USDA publication 1981 Program Report and

Environmental Impact Statement Revised Draft

The Preferred Program was opposed by a majority of respondents Approximately
onethird of the respondents 729 persons supported this alternative with
28 qualifying their support with the formation of no new committees and grants
being funded from new or additional monies Narrative commenters were critical
of this alternative citing the unnecessary formulation of new boards duplication
of services and a discriminatory posture the alternative takes toward the

Northeast There was also concern that states could not handle programresponsibilitiesas well as the Federal government

There is general opinion that the soil loss criteria for targeting does not

adequately address or consider the fragile soils of the Northeast and would have
detrimental impacts on this region

Alternative 1 Continuation of Current Program Trends was supported by 603
percent of those individuals responding on the response form In addition
173 narrative comments were processed and indicated by an 884 percent margin
to support continuation of current programs This support was further qualified
by 47 commenters favoring continuing present programs with additional money
and 75 voting continuation with no qualifying factors A small number favored
continuation but suggested program refinement was needed

Alternative 2 Redirection of Federal Programs was opposed by 527 percent of
the respondents There were 31 percent supportive of this alternative and

164 percent were neutral In evaluating this alternative there were very
few comments and no clear indication of why or how respondents took the

position they selected

FEATURES OF PREFERRED PROGRAM

1 Establishing clear national priorities for addressing conservation

problems

Of 2130 individual responses 801 percent supported the establishment of
national priorities Twentyeight of 31 conservation districts backed this

feature State and local governments supported this concept by a nine to

one response



TABLE 21 PUBLIC RESPONSE TO ALTERNATIVES Pennsylvania 19811982

Strongly Strongly

Alternative Support Support Neutral d ose oppose opinion

Preferred ProgramRedirection 237 1 492 145 291 833 293

Plus Expanded Roles for Local 119 246 73 146 417

and state Governments

Alternative 1Continuation of 687 521 261 381 154 287

Current Program Trends 343 260 130 190 77

Alternative 2Redirection of 178 385 298 503 456 471

Federal Program
98 212 164 276 251

Top line number second line percentage



2 Strengthening the existing partnership among landowners and users local

and State governments and the Federal government

Thirtyseven of 41 State and local governments including conservation

districts supported strengthening the existing partnership Of 2120
individual responses 69 percent supported this feature Of 63 written

comments 84 percent felt control of soil and water conservation programs
should be at the local level Sixteen of 28 comments on conservation

districts stated that districts did involve the public set priorities and

identify problem areas

3 Providing Federal matching block grants to states by reducing Federal

conservation program funds

Overall response by individuals opposed block grants by 787 percentThirtytwoof 40 conservation districts opposed block grants but 27 opposed unless

there was new money for grants Five of six farm organizations and five units

of State and local governments took a similar position Three farm organizations
and five units of government felt that Pennsylvania could not afford its share

of the matching block grants

4 Providing for a local conservation coordinating board make up ofrepresentativesof the conservation district county ASC committee Extension Advisory

committee and other interested parties

The 39 responding conservation districts and all responding farm organizations
were unanimous in their opposition to local conservation coordinating committees
Local and State governments were evenly split in support and opposition Of

2147 individuals replying 639 percent opposed Written comments from groups
and individuals indicated this responsibility is being done by conservation

districts as stipulated by Pennsylvania law and would increase bureaucracy
and red tape

5 Having the local board identify critical resource problem areas set

priorities for action and develop the local conservation program

Opposing this feature were 536 percent of the individual responses Of 65

written comments 37 expressed the opinion that this was already accomplished

by conservation districts andor ASC committees

6 Providing for a State conservation coordinating board appointed by the

Governor that identifies State critical problem areas sets priorities and

develops the State conservation program

All 39 responding districts opposed this feature as a duplication of the State

Conservation Commission as established under Pennsylvania law All farm

organizations opposed while government was divided four in favor and seven

opposed

Opposed were 733 percent of the individual respondents citing similar reasons

as conservation districts



7 Establishing a USDA national conservation board which advises the Secretaryof Agriculture

State and local governments including conservation districts expressed heavy
opposition to this feature as too political bureaucratic and lacking purpose

Individuals opposed this feature by 585 percent for the same reasons as
presented by governmental units

8 Basing cooperative actions on an agreement between each Governor and the
Secretary of Agriculture

Approximately onfourth of those responding both groups and individuals
were neutral on this issue The USDAGovernor agreement is weakly opposedwithout a majority for or against this feature

9 Providing closer cooperation and budget coordination among USDA agencieswith conservation program responsibilities

All groups and individuals heavily supported this feature

10 Targeting more USDA funds and personnel to areas where erosion or other
conditions threaten the productive capacity of soil and water resources

All groups and individuals supported this feature to varying degrees A
general concern was voiced that targeting could be discriminatory against
Pennsylvania and the Northeast The criteria for targeting does not give
consideration to the fragile soils of the Northeast and other factors like
nearness to markets and population

11 Emphasizing the conservation measures that are more costefficient in
reducing erosion

All groups and individuals heavily supported this feature They did cite aneed for management systems future study of effects and additional financial
incentives

12 Evaluating tax incentives as an inducement to increase use of conservation
systems

All groups and individuals heavily endorsed tax incentives as encouraging soiland water conservation application

13 Emphasizing USDA assistance to farmers and ranchers for planning and
installing conservation systems

All State organizations including districts strongly prefer this feature
Individuals provided 861 percent support for planning and installingconservation systems

14 Targeting USDA research and education services toward conservation problemsthat impair agricultural productivity

All groups and individuals provided heavy support to this feature



15 Setting up pilot projects to test new conservation methods

Individuals supported by 728 percent while statewide groups gave this feature
818 percent endorsement

16 Requiring landowners to have a conservation plan in order to be eligible
for Farmers Home Administration loans

The 2000 plus individuals responded with 593 percent support Conservation
districts and State and local governments supported by 888 and 70 percent
respectively The feature was opposed by agricultural organizations and
academic institutions Comments included 1 conservation plans must be

implemented 2 expand to all USDA conservation programs 3 conservation
programs remain voluntary 4 not uniform in effects on types of agricultural
operations and 5 places unfair financial hardship on young persons getting
started in agriculture

17 Evaluating and analyzing conservation progress

This feature has strong support from all groups and individuals 757 percent
but contains no clear direction for implementing

18 Minimizing conflicts among features of USDA farm program that limit
achievement of conservation objectives

Individuals supported by 784 percent Conservation districts endorsed 28 to
one and other statewide groups provided a 43 to one support margin

19 Stengthening data collection and analysis for identifying conservation
problems

All individuals and groups provided support for this feature Those actively
engaged in farming provided a lesser degree of support and indicated a desire
that funds be spent to assist in conservation practice application rather than
in studies

20 Expanding the use of longterm agreements between USDA and farmers and
ranchers

Although all groups supported this feature has a heavy neutral vote Over
50 percent of the responding districts were neutral 15 the remaining
districts did support the feature 12 to I Almost onefourth of the individuals
were neutral on longterm agreements as were 375 percent of statewide
groups



TABLE 22 FEATURES OF PREFERRED PROGRAM PENNSYLVANIA 1981 1982

Features of Preferred Program Strongly Strongly

Pennsylvania 1981 1982 Support Support Neutral Oppose Opposed Opinion

1 Establishing clear national 1130 577 125 132 167 160

priorities for addressing 530 271 59 62 78
conservation problems

2 Strengthening the existing 794 670 334 135 187 171

partnership among land owners 375 316 158 64 88
and users local and State

governments and the Federal

government

3 Providing Federal matching 97 157 199 371 1306 161

block grants to states by 46 74 93 174 613
reducing Federalconservationprogram funds

4 Providing for a local conserva 304 370 101 249 1123 144

tion coordinating board made 142 172 47 116 523
up of representatives of the

conservation district county
ASC committee Extension

Advisory committee and other

interested parties

5 Having the local board 469 396 126 270 873 157

identify critical resource 220 186 59 127 409
problem areas set priorities
for action and develop the

local conservation program

6 Providing for a State conserva 127 262 180 419 1143 160

tion coordinating board 60 123 84 197 536
appointed by the Governor that

identifies State critical

problem areas sets priorities
and develops the Stateconservationprogram

7 Establishing a USDA national 152 335 389 362 874 179

conservation board which 72 159 184 171 414
advises the Secretary of

Agriculture

0

continued



TABLE 22

Features of Preferred Program Strongly Strongly

Pennsylvania 1981 1982 Support Support Neutral oppose opposed 0 inion

8 Basing cooperative actions 292 438 483 328 548 202

on an agreement between each 140 210 231 157 262

Governor and the Secretary

of Agriculture

9 Providing closer cooperation 813 908 185 75 142 168

and budget coordination among 383 428 87 35 67

USDA agencies with
conservationprogram responsibilities

10 Targeting more USDA funds and 549 765 158 273 390 156

personnel to areas where erosion 257 358 74 128 183

or other conditions threaten

the productive capacity of soil

and water resources

11 Emphasizing the conservation 921 918 108 54 126 164

measures that are most cost 433 432 51 25 59

effecient in reducing erosion

12 Evaluating tax incentives as 1011 715 158 86 144 221

and inducement to increased use 478 338 75 41 68

of conservation systems

13 Emphasizing USDA assistance 1090 736 115 53 125 218

to farmers and ranchers 514 347 54 25 59

for planning and

installingconservation systems

14 Targeting USDA research and 858 820 194 95 140 184

education services toward 407 389 92 45 66

conservation problems that

impair agriculturalproductivity

15 Setting up pilot projects 767 776 293 125 157 221

to test new conservation 362 366 138 59 74

methods

16 Reducing landowners to have 736 532 397 219 256 191

a conservation plan in order 344 249 189 102 120

to be eligible for Farmers

Home Administration loans

continued



TABLE 22

Features of Preferred Program Strongly Strongly
Pennsylvania 1981 1982 Support Support Neutral Oppose Opposed Opinio

17 Evaluating and analyzing 670 915 283 88 139 253
conservation progress 320 437 135 42 66

18 Minimizing conflicts among 759 894 273 59 123 237
features of USDA farm

program that limitachievementof conservation

objectives

19 Strengthening data collec 640 796 343 162 169 181
tion and analysis for 303 377 163 77 80
identifying conservation

problems

20 Expanding the use of long 487 659 506 190 281 210
term agreements between 229 310 238 89 132
USDA and farmers or ranchers

Top line numbers bottom line percentage



STATE SOIL CONSERVATION PRACTICES ACT

TheState of Pennsylvania does not have a financial or costshare program to

aid in the application of soil and water conservation practices

The State does provide financial assistance to conservation districts in

employment of personnel acquisition of landrights under Public Law 566 the

Watershed Protection and Flood Prevention Act and has in the past financially
supported the soil survey program

RCA grant monies in 19791980 were used by the State Conservation Commission to

prepare a State Conservation Plan pirections for the 80s These funds

were also provided to 10 conservation districts to update longrange programs
and another 11 districts to make special resource studies

CONSERVATION ETHIC AND ATTITUDES

Responses implied that conservation of soil should be ao high a national priority
as defense Another thought was that conservation plans were invaluable but

to achieve full value needed to be implemented on the land

There was also a concern over the credibility of USDA since the preferppd program
and other alternatives did not roflect earlier public inputs into RCA and may
have influenced the number of responses during this response period

CURRENT USDA CONSERVATION ACTIVITIES

In fiscal year 1981 SCS provided soil and water conservation assistance to

24400 land users and 1229 units of government in cooperation withconservationdistricts Assistance was provided through programs such as Resource
Conservation and Development RCD Rural Abandoned Mine Program RAMP
Agricultural Conservation Program ACP Soil Survey River Basins Watershed

Protection and Flood Prevention Rural Clean Water Program Emergency Watershed

Protection Inventory and Monitoring education and information and Conservation

Operations assistance to conservation districts

SUMMARY OF PUBLIC RESPONSES

A total of 2291 individuals provides comments on the Secretarys preferred

program and other alternatives

in addition 71 groups responded This inniuded 40 ccneervetign districts 1

unit of Federal government g units of state sovetnment 13 units of local

government 6 farm orgeniaations 2 environmental groups and 1 academic
institution

Unfortunately there was no clear posture by State government regarding RCA
and the preferred program since no responses were received from the Governor
or the two departments involved with natural resources Department of

Environmental Resources and Department pf ABrlpotyrer



GENERAL COMMENTS

Thoughts expressed included lack of public understanding of RCA USDA didnt

listen to the pubblic questionnaire was biased equal treatment for all

responses and giving public opportunity to comment is a help Five utits of

government and four conservation districts charged that the response form was

biased



ATTACHMENT 3

DISTRICT WORKSHEET

Field Management

The purpose of the following section Field Management is for you to generalize

what are the most prevalent cropping systems defined by three mainfactorscropstillage and winter coverand to describe the general fertilizer

herbicide and conservation practices which characterize each cropping system

in your district

At first it may seem impossible to aggregate the infinite combinations of

farming practices in your district into a small number of cropping systems

It can be done however to provide an estimate of represententive farming

activities for a given area for a survey covering about 64000 square miles

generalizations must be made

Because data on the distribution of crops tillage and winter cover will be

used to determine agricultural runoff loadings to the Chesapeake Bay and its

tributaries it is necessary to collect cropping system data by watershed

or by subbasins about 60 subbasins cover the entire drainage area of the

Chesapeake Bay The subbasins in your district are delineated on the

map provided

It may be helpful to review the cropping systems described in the example

worksheet These are not meant to represent any specific area in the Bay

region but instead are meant to provide you with an example of typical

cropping systems brokendown by subbasin

To assist you in putting together the prevalent cropping systems in your

district we suggest that you work through the following process

on a separate piece of paper write doem the crops grown in your district

What are the typical crop rotations

For each crop rotation what is the major tillage practice used

conventional minimum or notill

For cropland with each rotation is residue generally left in place over

the winter or is it incorporated or removed

You may work up a chart like the one shown on the following page



Crops Rotations
Tillage Cover Subbasin

Corn Continuous Corn 75 minimumtill Residue left 123
Soybeans 25 conventional

Rye

Tobacco CornRyeSoybeans 100 minim tllum Cover crop rye yr I

Residue left yr 21 2 3
Tobacco 90 conventional Residue removed 12

10 minimum

By now you may have a list of five or ten cropping systems that are themost prevalent cropping systems in your district If any of them take up109 or less of the cropland in your district eliminate them

Next refer to the map provided As noted above the subbasins of yourdistrict are outlined and labeled Some districts fall entirely within asubbasin others lie across several subbasins For reporting purposeswe would like you to estimate how the cropping systems that you describeare distributed among these subbasins in terms of percent of the totalcropland in that subbasin see Question I below

This information will be used along with other data to estimate the nutrientloadings from agricultural runoff For this reason we would like someidea of the range of slope where each cropping system may be found Alsoyour estimation of the soil losses from cropland in your district is nodoubt better than any estimate we could make please include as best youcan the average annual soil loss to be expected from each cropping systemin each subbasin and the recommended T values for those lands A chartto fill in this data is included in Question 1 Cro in System Information

Afi yor your convenience a sample worksheet has been filled out to indicatethe kind of answers we would like Please look it over before beginningthe worksheet it is 3oeatcd at the back of this package



In the spaces below please describe the most prevalent cropping systems in

your district

Cro s Tillage

System 1

System 2

5 s tem 3

System 4

System 5

Winter Cover

THE QUESTIONS WHICH FOLLOW SHOULD BE FILLED OUT SEPARATELY FOR EACH CROPPING
SYSTEM LISTED ABOVE

Cropping System information

Cropping System

Description

Crops Tillage Cover

I For this cropping system complete the chart below with the following
information

a What percent of the cropland in Subbasin I has this general system
SubBasin 2 SubBasin 3 Etc

b For each subbasin indicate the range of slope where this system
occurs

c What is the average soil loss from cropland where this system is used

d What is the recommended T value for these lands

SubBasin Cropland Avg Slope Avg Soil Loss Recommended T Value

1

2

3

4

C33



2 Planting and Harvesting Dates

For the crops grown what are the approximate planting and harvesting

dates

Crop Average Planting Date Average Harvesting Date

1

2

4

5

3 Tillage Practices

In the chart below state how often plowing disking
takes place and the approximate dates of each

or cultivating

Number of TimesYr Average Dates for Each

Plowing

Disking

Cultivating

4 Fertilizer Usage

What is the typical fertilizer usage associated with this system Potassium
is not included since it does not cause water quality problems

a How many applications of nitrogen and phosphorus are applied in one

season Show approximate dates in each application

b flow many pounds are applied in each application

c Briefly describe the method of application



Nitrogen Phosphorus Method

N P 0 of

pplication Date lbsAcre Application

I

2

3

5 Manure

if manure is spread over cropland with this system answer the following

questions

a What type of manure is applied

b Estimate the amount that is applied annually per acre

c How often is it applied daily monthly seasonally onceyear

d Describe the method of application

6 Herbicide and Pesticide Usage

Please fill out the chart on the following page as described

a For each crop what are the typical herbicidespesteides applied to

fields with this system

b At what rates are they applied Give dates for each application and

describe the method used



Crop T e Application bate PoundsAcre Method

7 Present Conservation Practices

Describe the conservation practices that are typical to this system in
your district eg contours terraces stripcropping field borders
diversions grassed waterways impoundment ponds tile drainage surface
drainage ditches etc You may want to indicate the slopws andorsubbasin on which they are located

8 Other Comments

Additional comments that further explain this cropping system



CONSERVATION PLANNING AND NEEDS

The previous section on field management will help us understand just how far

we have come along in terms of soil conservation The following section is

designed to summarize the extent to which more conservation practices are
needed in your district

Soil conservation has made great strides in keeping productive soils in place
on farmland and out of streambeds Today however approximately half of all
sediment entering streams and rivers comes from agricultural runoff There are
no doubt fields in your district which you believe are losing too much soil
There also may be some water quality problems caused by animal wastes However
practices that will reduce soil loss or control animal waste runoff have not
been applied for one reason or another

Depending on the severity of existing soil losses and depending on the extent
to which these losses are causing water quality problems the costs to reduce

soil loss to levels as low as the recommended T value may be prohibitive
For this reason we have asked for the practices needed to achieve three levels

of soilloss reduction

a The highest level of soilloss reduction

to meet the recommended T value

b The intermediate level of reduction

to reduce soilloss to a level just above T or T + 2 tonsacre

c The lowest level of reduction

to reduce soilloss to T + 5 tonsacre

To develop large scale plans for the improvement of water quality the Chesapeake

Bay Program CBP will generate a number of options or management alternatives
The information produced from the following section will enable CBP to develop
a set of management alternatives to reduce the impact of agricultural runoff on

water quality This worksheet will give estimates of the amount of farmland

requiring remedial measures and a range of solutions that address the problem
to varying degrees The costs to implement each solution alternative can be

developed to help planners weigh the costeffectiveness of one solution alternative

compared to another

Costeffectiveness comparisons of agricultural control alternatices versus

alternatives to control pollution from other sources urban industrial municipal
can also be done For example planners may find that in a particular subbasin
of the Bay it is more costeffective to apply a mediumlevel of treatment to

farmland soilloss reduced to T + 2 tonsacre than to upgrade a sewage treatment

plant in other words per dollar a greater reduction is nutrient loadings can
be achieved by applying the mediumlevel agricultural than by upgrading the

treatment plant



The questions that follow are broken out into the following categories

Conservation Planning

Farm Plans

Leased Lands

Agricultural Trends

Conservation Needs

Cropland

Hay and Pastureland

Animal Wastes

• Feedlots Barnyards and other Problem Areas

You are not expected to answer the following questions for individual subbasins
except where specified please estimate your responses on the districtlevel

based on your working knowledge of the area

Conservation Planning

Farm Plans

1 How many farms are there in your district

2 What percent of them have conservation plans

3 What percent of the plans are followed entirely

partially

not at all

Explain why these values are high or low

4 How would you increase conservation on the land



Leased Lands

1 Approximately how much farmland is leased

2 Are leased lands in your district farmed any differently thannonleasedfarmland If no go to the next section
If yes describe the differences

3 What percent of leased lands in terms of acreage have conservation

plans If a significant number lack plans
explain reasons for the low percentage and suggest mechanisms to improve
conservation practices on these lands

Agricultural Trends

Briefly describe the agricultural trends in your district from World War II

to present and trends you expect in the next 20 years for the following items

1 Conversion of farmland to other uses

2 Conversion of marginal lands into farmland



3 Tillage practices

4` Type of crops grown

5 Farm machinery

5 Average size of farm operation

7 Chemical usage

8 Irrigation



9 Livestock and poultry operations

10 Policy and resource levels for soil and water conservation

11 Others



Conservation Needs

Cropland

1 How much farmland in your district needs additional treatment to achieveT + 5 tonsacre T + 2 and T
T + 5 tonsacre

T + 2 tonsacre

T tonsacre

2 What are the most common conservation practices you recommend to reduce
the soilloss to T + 5 T + 2 and T What are the total costs

Practice Total Cost

T + 5

T + 2

Hay and Pastureland

1 Is there a significant amount of soilloss from hay and pastureland in

your district If so what percent of these lands
need additional treatment to meet

a T + 2 b T



2 What remedial measures would you recommend to reduce soilloss on these

lands and what would be the total cost to apply them

Practices Total Cost

T + 2

Animal Wastes

1 Fill in the table below to show how many and what kind of livestock

and poultry are in your district and approximately what percent of

them are located in each subbasin

Type Number In SubBasin 1 7 In SubBasin 2 In SubBasin 3

Cattle

Figs

Sheep

Horses

Chicken

2 Is there a problem in your district concerning animal wastes if

so for what percent of the animals in your district are animal waste

contrls needed If this percent variessignificantlyamong the subbasins in your district what percent of the animals

need controls in each subbasin



SubBasin I

SubBasin 2

SubBasin 3

3 Specify the animal waste controls that are needed and the total cost to

implement them

Practices Total Cost

Feedlots Barnyards and Other Problem Areas

1 Are there any other significant problems associated with feedlots

barnyards or other problem areas in your district

If yes describe the extent of the problem the remedial measures

needed and the total cost

Problem Remedial Measures Needed Total Cost
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SECTION I

CHLORINE

INTRODUCTION

Chlorine has been used since 1902 as a means of disinfecting
drinking water and is considered one of the major factors reducing
the incidence of waterborne disease in this and other countries
Greenberg 1980 Although not all human pathogens are equally
sensitive to chlorine it is still the disinfectant of choice because
of its effectiveness low cost and ease of application Furthermore
free chlorine has a relatively short residual time in ambient water
and isconsidered of low toxicity to man at concentrations used in

drinking water treatment Sugam and Helz 1977

However chlorine is a powerful oxidizing agent and biocide In
recent years concern has grown about the use of chlorine because of
potential or demonstrated adverse environmental impacts and because
of the formation of chlorinated organic compounds which may represent
a human health hazard Jolley 1975 One result of this concern has
been a widespread reassessment of chlorine use including the amount
used timing or possible alternatives

Fate and Effects

Three major uses of chlorine today are disinfection of drinking
water disinfection of municipal and industrial wastewaters and as an
antifouling biocide within the heat exchange systems of steam electric
generating plants The latter two uses impinge directly on the

estuary and will be discussed below

Present concern over use of chlorine has been generated by
considerable work in the past 15 years on the toxicity and potential
environmental effects and on the chemistry of chlorine and toxicity
of reaction products A series of conferences on water chlorination
have been summarized in three volumes published by Ann Arbor Science
Press Jolley 1978 Jolley et al 1978 Jolley et al 1980 These
proceedings give an excellent overview of current research and
findings on a variety of topics relating to chlorine use Several
conferences on chlorine use have been held in the Chesapeake Bay area
especially Block and Helz 1977 Chesapeake Bay Foundation 1982 and
a number of review and summary reports have been issued by Bay
research organizations and state institutions eg Sugam and Helz
1977 Hall et al 1981 A great deal of research on chlorine and
alternative biocides has been sponsored in the Bay region by state
and Federal agencies and other institutions topics include the

chemistry of chlorine in fresh and estuarine water toxicity to a

variety of native organisms community effects formation of reaction
products and toxicity and chemistry of alternatives to chlorine

Environmental effects demonstrated or postulated include acute
effects on organisms passing through power plant condenser systems
where elevated temperatures exacerbate the situation eg Burton et



al 1979 or nearfield effects due to exposure to the eftluent plumes
from chlorine dischargers Bellanca and Bailey 1977 Laboratory
studies have shown sensitivity to relatively low concentrations of
chlorine on the part of eggs larvae and juvenile fish eg Morgan
and Prince 1977 oyster and clam larvae eg Roosenburg eL al
1980a 1980b zoo and phytoplankton eg Heinle and Beaver 1977
Heinle and Beaver 1980 Mackiernan at al 1978 and many other
organisms eg Roberts at al 1975 Exposure to low levels of
chlorine has produced community changes in phytoplankton and benthic

organisms in microcosms Sanders and Ryther 1980 Sheridan and Badger
1981 Avoidance of chlorinated effluents by migrating fish and
thus potential blockage of spawning runs has been postulated eg
Tsai 1970 Heldrin and Fava 1977 Most of these effects have been
demonstrated under controlled conditions showing similar impacts in
the field has been less simple

One difficulty is the complex behavior of chlorine in fresh and
estuarine waters Sugam and Iielz 1977 Helz et al 1980 Helz 1981
Briefly in fresh waters free chlorine reacts with water to form
hypochlorous and hypochloric acid These react rapidly with Ammonia
and organic amines to form chloramines Together these compounds
constitute total residual chlorine TRC Measured values of TRC
are usually less than the amount of chlorine added as a dose the
difference being due to the chlorine demand of the water lielz 1981
The magnitude of chlorine demand depends on time elapsed dose
temperature and characteristics of the receiving water Helm 1981
Chlorine is also lost through dissipation to the atmosphere Slower
reactions may form a variety of chlorinated products with organic
material metals nitrite etc Iielz 1981 In estuarine and sea
waters which contain significant amounts of bromide and some
iodide a different pathway exists Bromide is rapidly oxidized by
chlorine to form hypobromous and hypobromic acids these are also
oxidative and biocidal compounds Iielz 1981 The oxidants formed by
the chlorination of saline water are collectively termed

chlorineproduced oxidants CPO Bromamines and eventually a

variety of brominated organic and other compounds are formed flelz
1981 This is the dominant pathway for chloride added to water of

about 5 ppt salinity and above Helz 1982 All of these reactions
can lead to the formation of some toxic halogenated compounds the

exact nature of which depends on the chemical composition of the

treated water as well as such variables as pli temperature and

salinity Helz 1982 A detailed discussion of the formation
composition and effects of these secondarilyproduced compounds are
contained in the water chlorination series cited above Free

chlorine TRC and CPO are rapidly dissipated in the environment and
concentrations soon fall below the level of detection of most
routinely used instrumentation However toxic effects have been
demonstrated in the laboratory at concentrations at or below the usual
level of detection Environmental consequences of such low
concentrations remain unclear

Current Programs and Strategies for Reduction of Chlorine

Because of the demonstrated toxicity of chlorine to estuarine

organisms and the potential harm to the environment there has been a



reassessment of the use of chlorine in the Bay area There has been a

move toward reduction of chlorine residuals sitespecific evaluations

of use of chlorine and consideration of environmental effects in

siting and permitting of dischargers Impetus has come from the

Federal government chiefly through the EPA but also from the USFWS
the NMFS from strong commitments from both Maryland and Virginia and

from many parts of the private sector Control strategies focus on

three approaches 1 reduction or elimination of chlorination the
latter also implies use of no biocides 2 use of alternative

biocides and 3 reduction of the impact of effluents including

dechlorination

In a national survey conducted by the Virginia State Water Control

Board Maryland was identified as one of two states that was doing the

most to reduce the use and impacts of chlorine through a variety of

approachesl Presently a Disinfection Task Force has been formed

in Virginia to assess the use of chlorine and to make recommendations

to the state on the use of this and other biocides VA SCI 1983b

Both Maryland and Virginia have existing quidelines for discharges

of chlorine in municipal and industrial effluents This may be

specified by an NPDES permit or a consequence of a receiving water

quality standard In Maryland the discharges of chlorine to natural

trout waters are prohibited and discharges to class 4 waters

recreational trout waters cannot exceed effluent concentrations of

002 mg L1 with a maximum of 0002 mg L1 allowable in the

receiving water the maximum concentration allowable in effluents

discharged to other waters is 05 mg L1 The latter concentration

limit may be reduced in discharge permits depending on particular

aspects of the receiving water eg nearness to an important

spawning area etc MD OEP 1983 In Virginia permitted chlorine

residuals in effluents for STPs discharging to shellfish eaters are

15 to 25 mg LJ1 for other waters 10 to 20 mg L1 An

anytime maximum of 4 mg Ll in the effluents of STPs is specified

in NPDES permits VA SWAB 1983 At least a 120 dilution at the

point of discharge is recommended to reduce residual chlorine levels

to approximately 002 mg L1 in nearfield receiving waters Select

Interagency Agency Taskfoece on Chlorine 1979 Both Maryland and

Virginia have ongoing programs dealing with chlorine use in STPs

these will be discussed in the section on current programs In both

Virginia and Maryland industrial dischargers of chlorine have

permitted effluent limits identical to that of municipal STPs the

difference is that in Virginia no exceptions to these limits are

allowed in permits as is the case with municipal STPs Very small

dischargers are currently not closely regulated except that a fecal

coliform limit exists for wastewater from seafood processors in

Maryland There is some effort underway to reduce or improve chlorine

use at these plants this will be discussed below

Steamelectric power plants are currently licensed to have

effluent limitations of 02 mg L1 or less at the point of

1Personal communication Chlorine Control Strategies in Various States
A Pollack VA State Water Control Board 1983



discharge as a 24hour average with a O mg L1 maximum allowed for

some in Maryland class 1 or 2 waters Current rewriting of discharge

permits requiring BAT will probably result in maximum effluent limitations
of 02 mg L1 TRC2

Reduction or Elimination of Chlorination

Reduction of chlorine use presents different problems for sewage
treatment facilities where a public health concern exists than for power

plants In both cases however decreasing chlorine use has to be balanced

against perceived needs of the user

Strong differences of opinion exist as to the necessity of disinfecting

effluents of STPs It is often cited that in many European countries
chlorination of secondarilytreated wastewaters rarely occurs Coughlan and

Whitehouse 1977 Garnett 1982 However in the opinion of local state

agencies concerned with public health disinfection of effluents discharged

to natural waters remains a necessity MD OEP 1982 Oliveri 1982
Recommended strategies to reduce chlorine include a sitespecific

evaluation to determine if public health risk necessitates disinfection or

whether seasonal disinfection or no disinfection is possible ND OEP

1982 This evaluation would be based on the quality of the receiving
water or its potential uses

STP Case Study OperationDOITIn1977 a Chlorine Residual Control Advisory Committee in Maryland

recommended that the best first step in reducing chlorine residuals would

be to improve and upgrade existing treatment facilities Silberman and

Kruse 1977 In the same period concern grew over the potential effects

of chlorine on spawning anadromous and semianadromonns fish In 1981 the

Maryland Department of Health and Mental Hygiene and the Department of

Natural Resources joined together in a project called Operation DOIT

DisinfectionOptimizationInnovative Techniques to improve existing

chlorination facilities and to reduce the amount of chlorine discharged to

fish spawning areas Carrels and Parrish 1982 Forty wastewater treatment

plants were identified by DNR as potentially impacting spawning fish

These were examined by a special team and a casebycase assessment made

of needed modifications to the chlorination facilities Twentytwo plants

55 percent were found to require some modification The team worked with

the plant owneroperator to make onsite modifications and to help

implement improved operation procedures Deficiencies which were

identified and corrected included inadequate chlorine diffusers poor

location of diffusers overdosing and poor control of flow

Effectiveness of the modifications and the subsequent achievement of good

disinfection were measured by coliform levels remaining in the final

effluent Garreis and Parrish 1982 Costs for operation DOIT ranged from

7500 to 24500 dollars per plant

In plants where modifications could not reduce effluents to the

desired 05 mg L1 TRC temporary dechlorination equipment was

installed Details of this project Operation TIDE are discussed later in

a section on dechlorination Together in the first year DOIT and TIDE

reduced chlorine residuals by an average 66 percent in nine river basins

2Personal Communication Chlorine Effluents at VirginiaPower Plants
M Brehmer VEPCO1983



In some areas over 90 percent reduction occurred A major positive result

was that these projects focussed the plant operators attention on the

problem and achieved excellent cooperation between treatement plant owners

pnd the state Garrets and Parrish 1982 This is emphasized by the point

that in 1983 when no state funding was available for the projects all but

two STPs of the original 40 continued to participate3

Industrial CaseStudyA
private sector initiative to reduce chlorine use at seafood packing

houses in Virginia was begun by Morgan and Sons Inc a seafood company of

Weems Virginia in conjunction with Duboise Corp and other interested

parties A series of meetings was held with plant managers to familiarize

them with alternatives to chlorine use for sterilizing their facilities

during seafood processing Some 22 houses out of 227 in Virginia are now

using these alternative methodologies Although initial setup costs per
house were relatively high after several years the savings have been

considerable due to increased effectiveness and efficiency4

Power
PlantsPowerplants usually initiate chlorination in midMay when biofouling

becomes a problem This is after major fish spawning runs However there

is still some concern over the biological effects of potter plant effluents

VA DTF 1982 The major difficulty in reducing chlorination for plants

where significant biofouling occurs is the increased maintainence costs and

downtime Roig 1982 It is estimated that cleaning a fouled unit at a

larger plant eg Chalk Pt or Wagner requires 3 to 5 days at a cost of

150 to 300 thousand dollars a day Roig 1982 In some areas where

chlorine discharges are thought to have negative impacts the use of

cooling towers rather than oncethrough cooling is possible For example

the Vienna plant on the Nanticoke discharging into a major striped bass

spawning area has replaced its oncethrough units with a cooling tower

Whether further reduction in chlorine use at Bay power plants can occur is

problematic Alternatives have been investigated however Helz and

KosakChanning 1980

Whether or not chlorination is used most plants use Amertap a

mechanical abrasive process using rough sponge balls circulating in the

cooling water For some major facilities eg Calvert Cliff NPP Amertap

and other mechanical methods are sufficient A variety of alternative

nonchemical or mechanical techniques have been suggested for the control of

fouling Carey 1980 Burton and Hall 1982 Some of these such as heat

are successfully used on the West Coast however few plants can be

retrofitted for this capability Carey 1980 This should be considered in

future plant design however

Use of Alternative Biocides

Substitute biocides investigated for sewage treatment plants include

3Personal communication Operations DOIT and TIDE in 1983 M Carrels

MD OEP 1983

4Personal communication Cost and Effectiveness of Alternative

Disinfection Methodologies C Morgan Morgan and Sons Inc 1983



BrCl bromine chloride 11202 hydrogen peroxide

0
3 ozone and

ultraviolet light The first three could also be used for antifouling in

power plants They are also strong oxidants and hypothetically could
behave similarly to chlorine in estuarine water Helz and KosakChanning
1980 The advantages of ozone in freshwater are that it degrades very
quickly Schlimme 1982 but in estuarine waters it reacts with bromide
to form a variety of halogenated compounds Helz et al 1978 Results of

toxicity studies indicate that these ozoneproduced oxidants are similar to
CPU in their effects on oyster and striped bass larvae Stewart et al
1979 Hall et al 1981 BrCl has probably received the greatest attention
as an alternative disinfectant The major advantage of lirCI is that decay
of its residuals is much more rapid than chlorine eliminating the need for
dechlorination prior to discharge LeBlanc 1582 This also creates a

disadvantage because as the quality ie clarity low concentration of

suspended solids and organics of the STP effluent declines more lirCl is
needed to achieve satisfactory disinfection LeBlanc 1982 Roberts and

Gleeson 1978 found BrC1 to be two to four times less toxic than chlorine
to a variety of endemic Chesapeake Bay species An in situ study at
Morgantown SES found no significant differences between the survival of

estuarine fish exposed to very low BrC1 or Cl2 concentrations levels
sufficient to control biofouling in the condensor tubesLinden and Burton
1977 Ultraviolet light requires a very clean effluent to be effective
but has the advantage of producing no chemical residues and can also be
less expensive to operate than conventional chlorination equipment Alpert
and Bonomo 1982

Current Programs

At the present time Maryland is using alternative biocides at a number
of sewage treatment facilities approximately 10 percent of plants use
ultraviolet light mostly freshwater and one small plant is using BrCl
A relatively large 8 MGD plant also tried BrCI but had problems with
finding a consistent supply of the chemical and in achieving consistent
disinfection results It has since returned to

chlorinationdechlorination5

In Virginia promising tests have been made on the efficacy of BrCl by
the Hampton Roads Sanitary Commission LaBlanc 1982 This and other
alternative biocides are being evaluated by the ongoing Disinfection Task

Force

Techniques to Reduce the Impact ofEffluentsAnumber of techniques have been proposed to reduce the impacts of

chlorinated effluents seasonal disinfection holding lagoons and
dechlorination The latter has received the most attention Neither
Maryland nor Virginia presently permit seasonal disinfection but many
other states have seasonal discharge permits6 This strategy is being
investigated by both states as a possibility for waters where only seasonal
public health concerns may arise eg swimming and boating Holding

Personal communication Use of Akterbatuve Biocides in Maryland M
Garreis MD DEP 1983

Personal communication Seasonal Discharge Permits for Chlorinated
Effluents in MMD and VA A Pollack VA S WCE 1983



lagoons land disposal of effluent and similar techniques are discussed by
Wheeler 1982 Many have been funded under the EPAs Innovative
Alternative Program

Dechlorination is currently used in about 35 percent of Narylands
STPs Virginia has two small plants now operating with dechlorination and
three major STPs coming on line shortly Although dechlorinated effluents
still possess residual toxicity compared to controls Hall et al 1981
this toxicity is significantly less than that caused by TRC This residual
toxicity may be due to the production of halogenated organics before the

dechlorination step Effects of the addition of another chemical usually
SO2 to the effluentwater are as yet unknown Greene 1982

Case Study Operation
TIDEOperationTIDE Temporary Installation of Dechlorination Equipment

was coupled with the previously described Operation DOIT in a joint effort
by Maryland DIDIH and DNR to reduce chlorine residuals from STPs discharging
to major estuarine and freshwater fishspawning areas Garrets and Parrish
1982 After an upgrading of facilities under DOIT those plants where
residuals still did not meet the desired 05 mg L1 TRC level had
temporary dechlorination facilities installed In addition plants which
had holding lagoons were encouraged to draw down water levels in advance of
the project and to hold effluents for 30 to 60 days depending on the
reserve capacity available Garreis and Parrish 1982 During the peak of

spawning April 15 to May 15 no discharge from these lagoons occurred
Operation TIDE involved 34 of the original 40 plants six of these had

holding lagoons Dechlorination equipment sulfur dioxide or sodium
metabisulfite was installed at the remaining 28 wastewater treatment
plants

As discussed previously Operations DOIT and TIDE resulted in an
overall reduction in total chlorine residuals discharged by some 66

percent This represents the time period from April 1 to June 1 1981
Not all plants were able to install equipment by April first therefore
100 percent reduction was not achievable at all locations Garrets and
Parrish 1982 Project costs for TIDE ranged from a low of 250 dollars to

a high of 4000 dollars per plant total costs for TIDE were 26700 dollars
in 1981 The WSSC absorbed the cost of installing and operating
dechlorination facilities at three major plants

In 1982 Operation TIDE was emphasized as the modifications installed
under DOIT were still in place In 1983 38 of the 40 plants are still
participating although state funds are no longer available

Whether DOIT and TIDE will result in significant improvement in fish
spawning and recruitment has not yet been determined The year 1981 was a

poor year 1982 was a relatively good year for recruitment offreshwaterspawningspecies Data in succeeding years may help evaluate the

contribution of these innovative programs

Other Current
ProgramsFieldevaluations of the effects of chlorinationfdechlorination and

chlorination versus ultraviolet light treatment have been proposed by both

Maryland and Virginia These will involve monitoring changes taking place
in the receiving environment when sewage treatment plants switch from



chlorination to ultraviolet disinfection from chlorination to
dechlorination or cease dechlorinating when plants cease operation and
when plants begin operation in an area previously not exposed to STP
effluents Such field manipulations will enable managers to evaluate
different disinfection procedures as well as the magnitude nature and
timescale of environmental responses

D8



SECTION 2

BIOLOGICAL MONITORING

The CBP recommends that a biomonitoring protocol be included in the

NPDES permitting system A biomonitoring program can be used for

controlling those toxicants which pose environmental dangers to the aquatic
environment The advantages of developing this new program are

o it is not limited to priority pollutants
o it considers synergistic effects
o it is not bound by control technology and

o it is a reasonable indicator of toxicity in the receiving water

BASIS FOR BIOMONITORING

Biological toxicity testing can overcome many of the limitations which
have prevented the effective control of potentially harmful effluents

Developing a framework to better control toxicants is a major objective of

the Chesapeake Bay Program Individual or combinations of complex chemical

compounds which pose a hazard to human and aquatic health must be rapidly
identified and limited to safe concentrations Regulations of specific
substances must be based upon known harmful biological effects observed in

the environment

Toxicitybased permits can overcome the limitations of both Best

Available Technology BAT controls and receiving water quality standards
Current discharge limits for industrial effluents based on BAT do not

I recognize all toxicants in the waste stream The weakness oflaboratorybasedwater quality standards is that they cannot consider all of the

natural variations in aquatic environments or local water quality nor do

they take into account effects due to the presence of multiple toxicants
as occurs in many effluents For these reasons effluent toxicity testing
can provide a more inclusive and realistic assessment of the constituents
in wastewater and their potential for harm in the environment

CASE STUDY THE MONSANTO PROTOCOL

The protocol developed by Monsanto Research Corporation riCR Wilson
et al 1982 can be used to identify those industrial and municipal
effluents which pose the most significant danger to aquatic life It

involves a series of progressively more sophisticated tests and is designed
to identify the most harmful effluents from a scan of dischargers

Therefore those effluents which contain a substance or a combination of

substances which is acutely toxic to aquatic species bioaccumulative and

contains significant quantities of organic compounds is immediately

recognized Effluents which do not indicate an immediate danger to aquatic
health can be investigated to the level required under the pollution
control requirements of current legislation

Sediment analysis can also be used to investigate the impact of a

particular source on a local or regional environment Researchers found

correlations between compounds in proportional amounts for most

sedimenteffluent pairs that were tested These sediment analyses alone



are not particularly useful for evaluating existing discharges but are goodindicators of the adsorbtion and accumulation of compounds in the sediments

The basic intermediate and advanced stages of effluent analysis usedin the Monsanto toxicity protocol are shown in Chapter 4 II s decision
tree is used to evaluate the toxic effects to aquatic species the presenceof bioaccumulative compounds and significantly high concentrations of
organic compounds The sequential extractions and bioassays also serve toidentify the substances or class of substances responsible for the
observed toxicity

The results of the tests for the acute toxicity to aquatic species from
municipal and industrial effluents are shown in Tables 1 2 and 3 Furtherdetails are included in Chesapeake Bay Program Technical Studies ASynthesis Bieri et al 1982 and in Wilson et al 1982
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SECTION 3

FINGERPRINT FILE

FINGERPRINTING USING GAS CHROMATOGRAPHY

To identify and control hazardous toxicants in the environment i• is

necessary to use analytical techniques which can detect the presence of

known and unknown compounds that may be present in quantities which are

sufficient to cause environmental harm Typically these screening

techniques can be used to gather baseline data or search for the possible

cause of an observed event

When effluent sediment or tissue samples containing unidentified

compounds pass through the gas chromatograph column and detector each

individual compound is identified by its retention time Compounds of

low molecular weight pass through relatively faster than more complex

heavier compounds The final pattern of peaks on the chromatogram reveals

both the compounds present and their quantity Figure 1 shows a typical

chromatogram of Chesapeake Bay sediment

Fingerprinting techniques developed by CEP investigators modify basic

gas chromatographic techniques and eliminate many of the common problems

associated with identification using mass spectrometry Bieri et al 1981

1982 For example sediment samples rarely exhibit a clean

fragmentation pattern but instead a dense overlapping series of peaks that

are difficult to quantify The results of a comparison with the mass

spectral data files rarely show perfect matches and spectra can be masked

within an unresolved envelope Therefore interpretation by highly skilled

chemists is necessary to determine what constititues a successful match

Additionally retention times vary significantly between different

instruments and even between different chemists on the same instrument

One important modification recommended by the CBP involves coinjection

of marker compounds with the sample By including these normalized

identifiers a relative retention number can be tagged to other peaks in

the sample This eliminates differences created by using straight

retention times that have been developed and interpreted on different

instruments Search procedures for known compounds during GCMS analysis

are simplified and the very large number of unknown compounds can be noted

and logged for future reference Identification and separation of peaks is

substantially improved by the use of capillary column CCMS instead of

packed column CCMS The sum of tagged peaks representing known and

unknown compounds is termed a fingerprint

These procedures allow investigators not only to search for compounds

beyond those specifically permitted or known to exist but to place that

particular fingerprint into a more comprehensive analysis of changes over

time and geographic area A computer program designed to compare

chromatograms determine concentrations and scan for specific compounds

based on specific retention times was developed to facilitate analysis

Details of analytical procedures and computer programs can be obtained from

Bieri et al 1981 and 1982 This approach allows for example a search

of filed effluent chromatograms for those showing certain compounds

identified from the analysis of sediments or animal tissues
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SECTION 4

DATA TO CALCULATE METAL LOADS



TABLE 4 DATA NECESSARY TO CALCULATE LOADINCS OF METALS FOR URBAN AREAS

BIERI ET AL 1982a

A Average metal loading mg L1 for urban areas

Pb Zn Cu Mn Fe Cr Cd Ni

LLSFI 11 09 016 035 247 071 01 059
MDSF2 21 096 01 023 134 018 009 028
THCA3 26 123 019 057 178 017 001 025
CommInd4 39 22 025 027 250 017 004 044

B Acreage and runoff volumes for Baltimore Norfolk and Washington DC

Baltimore Norfolk Washington DC

acres vol runoff acres vol runoff acres vol runoff

LLSF 47411 709 31661 722 120987 679
MD SF 19131 1149 11068 1171 29828 1101
THGA 20920 1954 11317 1992 16869 1872
CommInd 13309 2929 12448 2986 22280 2806

C Example Pb loading at Baltimore

Acres Vol runoff

inacrel yrl
Avg Pb loading Conversion

mgL1 factor

Total

lbsday

LLSF 47411 709 11 727X104 269
MDSF 19131 1149 21 727X104 332
THGA 20920 1954 26 727X104 771
C1 13309 2929 39 727X104 1103

2475

Large lot single family residential 01 20 DUacre
2Medium density single family residential 20 80 DUacre
3Townhousegarden apartment 80 220 DUacre
4Commercial Industrial



SECTION 5

METHODS FOR CALCULATING COPPER OFFLOADINGS
FROM ANTIFOULING PAINTS



TABLE 5 TWO METHODS FOR CALCULATING LOADINGS OF COPPLR FROM ANTIFOULING
PAINTS

A Total pounds of copper applied to registered boats

1 Analysis of Registration Data

State Year

Total

Registration

boats in

tidewater

less than

16 ft
1626 ft greater than

26 ft

MD 1981 134105a 133074c 61310d 57llld 13569d
VA 1982 139694b 65000 33150 28600 2600

2 Total number of nonaluminum boats which require antifouling paints

State Less than 16 ft 16 26 ft greater than 26 ft

MD 35516e 52637e 13268e
VA 19227f 26312f 2548f

Total 54743 78949 15816

3 Antifouling paint and copper application rates

Less than 16 ft 16 26 ft greater than 26 ft

Number of boats 54743 78949 15816
Avg gal per year 25 50 15

Total gallons 13685 39475 23724
at 46 lbsCugall 62951 181585 109130

TOTAL lbsCuYr 353666
TOTAL lbsCuday 969

B Total Copper necessry to maintain 10 ugcm2day and leaching
rate and prevent fouling

Size

Number of boats

in rid and VA Avgit2sIiip

leaching rate2

lfsf t2day
Total

lbsday

less than

16 feet 54743 100 20 x i0`5 109

greater than

16 feet 94765 200 20 x 105 379

4889



Footnotes to Table 5

814D registration

bVA registration

cAll boats in ND except 1431 in Garrett County

dNumbers from Maryland registration data

eAluminum hulls removed from calculation from Mill registration data

Same percent used for VA

3Young et al 1979

210ugcrrm2day x 22 x 108 lbslOug x 00108 ft2cm2 = 20 x
14MSlbsf t2day

gA leaching rate of 488 lbs of copper per day requires the application of
106 gallons of paint per day or 38690 gallons per year



SECTION 6

INDUSTRIAL METAL LOADS FOR 1980
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SECTION 1

FEDERAL CONTROL PROGRAMS

Major revisions were made during the 1970s to Federal legislation and

administrative procedures applicable to water use and pollution control

Enactment of the National Environmental Policy Act the 1972 Federal Water

Pollution Control Act FWPCA the Coastal Zone Management Act the Marine

Protection Research and Sanctuaries Act and other legislation

fundamentally altered national policy and the traditional division of

resource management responsibilities between the Federal and state

governments

The Council on Environmental Quality CEQ and the Environmental

Protection Agency EPA were established in part to consolidate

administrative oversight and resource protection responsibilities within

the Federal government Authorization for the CEQ and the EPA also

established Congress intent to clarify responsibility for environmental

protection through implementation of new uniform technologybased

performance standards applicable to all industrial and municipal

discharges regardless of location

Since 1972 the EPA has had responsibility for regulating municipal and

industrial activities that pollute or alter the quality of water

resources The FWPCA PL92500 and the 1977 Clean Water Act Amendments

CWA PL95217 raised the level of Federal funding for construction of

publiclyowned waste treatment works POTWs elevated water quality

planning especially for nonpoint source control to a new level of

significance emphasized public participation in the water management

decisionmaking process and created the regulatory mechanism requiring

uniform technologybased effluent limitations or more stringent
limitations if required to meet state water quality standards As a means

of enforcement the FWPCA established a national permit system for use in

regulating all municipal and industrial discharges

Congress established mandatory treatment requirements to be met by all

industries and municipalities within specific time frames In addition a

national clean water objective the restoration and maintenance of the

chemical physical and biological integrity of the nations waters was

established and water pollution control goals and policies were identified

The goals established by the 1972 FWPCA are

o to reach wherever attainable a water quality that provides
for the protection and propagation of fish shellfish and

wildlife and for recreation in and on the water by July 1
1983 and

o to eliminate the discharge of pollutants into navigable waters by

1985

The policies are

0 to prohibit the discharge of toxic pollutants in toxic amounts



o to provide Federal financial assistance for construction of
publiclyowned treatment works

o to develop and implement areawide waste treatment management
planning which addresses both point and nonpoint source pollution

o to mount a major research and demonstration effort in wastewater
control and treatment technology and

o to recognize preserve and protect the primary responsibilities
and roles of the states to prevent reduce and eliminate
pollution

These goals and policies remain in effect today In addition the 1977
CWA expanded the role of the states by providing for management delegation
of the National Pollutant Discharge Elimination System permit program
NPDES and the POTW construction grants program both described below
Congress also upgraded programs authorizing Federal financial support for
state pollution control programs and emphasized the need for cooperative
efforts among all levels of government so that comprehensive pollution
control solutions could be put in place

Currently the EPA and individual states establish management
priorities and pollution control objectives annually during the stateEPA
agreement negotiation process These agreements cover all delegated
program activities identify how states will manage Federal pollution
control grants and establish how management responsibilities will be
divided between the state and the EPA regional office The regulatory
basis and tasks in water pollution control established by the Clean Water
Act are as follows

o Industrial and Municipal Effluent Limitations

Uniform technologybased effluent limitations applicable to all
industries and municipalities are developed by the EPA Municipalities
are required to meet secondary treatment standards as defined by the
EPA Industrial control requirements depend on the chemical
characteristics of effluent streams for particular industrial
categories

The discharge of toxic pollutants in toxic amounts is prohibited
Conventional pollutant discharges and special nonconventional
discharges are subject to the best technological controls available at
reasonable costs The EPA determines available control technologies
and develops control guidelines which are used to develop effluent
limitations for every discharge

o The National Pollutant Discharge Elimination System NPDES

All industrial and municipal discharges must obtain a NPDES
permit The EPA administers the NPDES but states are authorized to
assume responsibility for the program The NPDES permits are issued
every five years and are subject to immediate revision if the

characteristics of a dischargers wastes change significantly The
NPDES permits establish the levels and types of pollutants that can



legally be discharged specify monitoring and reporting requirementsand may list facility management practices Best Management
Practices and contingency plans designed to minimize runoff
Effluent limitations listed in the NPDES permit are expected to preventa discharge from causing violations of state water quality standards

o Water Quality Standards

The EPA develops criteria for water quality that are used asguidance by the states in the development of water quality standardsand streamuse designations

These criteria address total water quality chemical physicaland biological characteristics and the factors necessary for theprotection and propagation of shellfish fish and wildlife Statesat least every three years are required to review and adopt water
quality standards for their waters The EPA reviews the standards toensure that criteria used by the states are at least as stringent asthe Federal criteria States have authority to adopt criteria more
stringent than EPAs A summary of water quality standards in the
Chesapeake Bay basin is shown in Table 1

o Dredge and Fill Permit Review

The EPA or delegated states reviews permit applications for
dredge or fill projects before the permits are approved by the ArmyCorps of Engineers Conditions can be placed in permits to minimizeenvironmental degradation All dredge and fill proposals are regulatedunder the CWA permit program except normal farming ranching andsilvaculture activities that do not cause permanent changes to a
waterway

Water Quality Management Grants

Numerous Federal grants are authorized by the CWA for use bystate local and regional agencies in their water pollution control
programs The grants are subject to Congressional appropriation for
specific categories of water pollution control activities includingresearch and development construction of public wastewater treatment
systems areawide water quality planning training ofpollutioncontrolprofessionals monitoring and program support for state
pollution control administrative agencies The major grant categoriesadministered by the EPA under the CWA are

0 Area Wide Waste Treatment Management Section 208 Grants

The EPA is authorized to make grants to a state agency
regional agency or qualified local planning agency for the
development of areawide waste treatment management plans
generally called 208 plans The plans include an identificationof existing point or nonpoint pollution sources and describe
technological needs and institutional arrangements for eliminatingor reducing pollutant loadings to waterways within the planningarea The Fish and Wildlife Service is required to assist
planning agencies in the development of water quality management

E3
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plans The Department of Agriculture acting through the Soil

Conservation Service is authorized to enter into agricultural

costsharing agreements with farmers that adopt nonpoint pollution

control measures recommended in areawide water quality management

plans Comprehensive areawide waste treatment management plans

must be approved by a states governor and be consistent with

river basin plans Section 303e plans also developed by the

state

o State Administrative Grants

General program slport grants are used to monitor water

quality classify waters and inventory point and nonpoint sources

of pollution States are required to report biannually on

progress in meeting clean water objectives

o Grants for Construction of POTWs

The CWA authorizes annual appropriations to be divided among
the states and used for planning design and construction of

municipal sewage treatment systems More than 30 billion dollars

have been appropriated for POTW construction since 1972 Broad

categories of municipal sewage treatment needs are eligible for

Federal financial assistance including construction of basic

treatment facilities collection systems interceptor sewers and

onsite or decentralized treatment systems The Federal

government provides up to 75 percent of design and construction

costs for conventional local sewage treatment systems Up to 85

percent of costs are paid by the Federal government for

alternative or innovative treatment systems The Farmers Home

Administration and Economic Development Administration also

provide grants and loans for wastewater treatment system

construction

o Construction Management Assistance Grants

States that assume responsibility for managing the municipal

wastewater treatment construction grants program are eligible for

management assistance grants The management assistance grants are

used for daytoday program operations including project design

reviews and establishment of construction priorities within the

state

Other Federal agencies have legislative responsibilities for wildlife

protection water development and Federal land management Department of

Interior approval of state coastal zone management programs and marine

fisheries management plans National Oceanic and Atmospheric

Administration and oil and hazardous material coastal spill response

Department of Transportation Coast Guard

The EPA also administers other programs designed to protect and enhance

the quality of environmental resources Landbased disposal of hazardous

and conventional wastes are regulated under the Resource Conservation and

Recovery Act Ocean disposal of wastes are regulated under the Marine

Protection Research and Sanctuaries Act The Safe Drinking Water Act is
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used to establish quality standards for potable water prescribe treatment

techniques establish monitoring and performance standards for subsurface

disposal of wastes and approve aquifer protection petitions The

Comprehensive Environmental Response Compensation and Liability Act

establishes a fund for the cleanup of abandoned hazardous waste sites

The Clean Air Act is used to regulate air emmissions and enforce state

clean air implementation plans All EPA programs are managed according to

policy guidelines established by the agency Administrator in Washington

Within the headquarters offices major program priorities are identified by

Assistant Administrators responsible for specific legislative mandates see

Figure 1 for current headquarters organizational chart Although policies

and program priorities are established in EPAs Washington offices program

management is accomplished by Regional Administrators located in 10 cities

throughout the continental United States In addition to line management

responsibilities the 10 regional administrators are authorized to

negotiate environmental management delegation and other administrative

agreements involving the use of Federal environmental protection funds with

individual states The three states involved in management of the

Chesapeake Bay are located in EPAs Region III The Regional Offices are

in Philadelphia Pennsylvania see Figures 2 and 3 for regional

organization

As mentioned previously the EPA administers a variety of legislation

all of which is focused primarily on the protection or enhancement of the

environment Although there are several national programs authorized by

Congress involving Federal management of land usage Federal jurisdiction

is limited to management of lands owned by the US government There

currently are no Federal laws authorizing general Federal land management

programs

The CBP has produced a directory of Federal state and local agencies

that administer programs which directly affect Chesapeake Bay environmental

quality The following Federal agencies also are involved to some extent

in environmental management as defined and limited by specific legislative

authorization

o Council on Environmental Quality CEQ

The passage of the National Environmental Policy Act NEPA has

resulted in a dramatic modification of all Federal agency

responsibilities for the act mandated a comprehensive environmental

review of all major Federal actions significantly affecting the human

environment This review was to take place early enough in the agency

decisionmaking process to influence the outcome of Federal agency

deliberations However this is not the only Federal environmental

review statute Some thirty other Federal statutes impose

environmental requirements on Federal activities Traditionally

missionoriented agencies can no longer manage their area of concern by

their own professioal standards They must satisfy air and water

quality standards be aware of how state coastal zone management plans

affect their mission take account of the Corps of Engineers

requirements for wetlands and water course areas identify endangered

species and their habitats and prepare environmental impact statements

for all major Federal actions



The National Environmental Policy Act of 1969 was designed to

incorporate environmental considerations into Federal agency
decisionmaking The basic idea was to require agencies to explore
consider and publicly describe the adverse effects of their programs
The assumption was that those programs would be revised in favor of
less environmentally damaging activities The vehicle for achieving
this was the actionforcing provision of NEPA which requires the

preparation of an Environmental Impact Statement EIS on every major
Federal action significantly affecting the human environment The CEQ
reviews the EIS and generally is responsible for coordinations of

Federal activities

o Coastal Zone Management Act CZMA

The CZMA was enacted in 1972 to encourage state governments to

develop and implement land and water resource management programs for
their coastal areas The objective of these programs is to establish
comprehensive and coordinated management to assure the orderly and

environmentally sound development of coastal areas The Federal
government provides financial assistance to the states to develop and
implement these programs if the states meet the guidelines established
for program approval These guidelines are rather broad and basically
require the state to establish a process for making decisions on
coastal resource use rather than requiring any specific substantive
decisions

Once a state has an approved program all Federal
Federallyassisted or licensed projects must be certified as
consistent with the state program before they can go forward Although
this looks like a potentially powerful mechanism for state governments
to control Federal action several exceptions can be made from the

consistency requirement if the project or license is necessary in the
interest of national security consistency will not apply The

Secretary of Commerce also can override a finding of inconsistency if
the proposed action meets the broad objectives of the CZMA satisfies
requirements of the Clean Air Act and the FWPCA the adverse impacts
are outweighed by the benefits to the nation and there is no
reasonable alternative to the action

0 Fish and Wildlife Coordination Act FWCA

One of the oldest environmental review statutes is the Fish and
Wildlife Coordination Act It has had a substantial impact on the

planning and development of certain types of Federal projects
particularly Army Corps of Engineers COE dam projects It applies to

Federal licenses and permits and basically to any Federal agency
activities that would affect the water of the United States The
agency preparing the action must consult with the Fish and Wildlife
Service FWS concerning the conservation of wildlife

The Endangered Species Act ESA

The ESA is a recent addition to the area of environmental review
statutes The key provision is Section 7 which requires all Federal
agencies to ensure that their activities do not jeopardize the



continued existence of endangered or threatened species and their
habitats The administration of this law is divided between the FWS
and the National Marine Fisheries Service NHFS with NMFS being
responsible for marine species

o Marine Protection Research and Sanctuaries Act MPRSA

The MPRSA authorizes the Department of Commerce to designate
various areas as marine sanctuaries These areas must be of important

conservation recreation ecological or aesthetic value in ocean
estuarine or Great Lakes waters Designated sanctuaries are to fall

within one or a combination of five different classifications habitat
areas species areas research areas recreational and aesthetic areas
and unique areas

Before a sanctuary is designated the Secretary of Commerce is

required to consult with various Federal agencies including the

Secretary of Interior However these other agency viewpoints are not

binding on Commerce once designated Commerce has the authority to

veto any Federal permits or licenses that would adversely affect the

sanctuary The MPRSA also contains a ban on ocean disposal of
hazardous wastes which will degrade the marine environment The EPA
administers the ocean dumping provisions through issuance of permits
for certain types of ocean dumping activities

o The National Historic Preservation Act NHPA

This act established the National Register of Historic Places and
requires Federal agencies to consult with the newly created Advisory
Council on Historic Preservation whenever Federal projects could have

adverse impacts on historic or archaeological sites This would apply
not only to sites that are on the register but also to those that are

eligible for listing

o The Outer Continental Shelf Lands Act OCSLA

The purpose of the OCSLA is to regulate the granting of

leases on the OCS by the Federal government

mineral

o The US Department of Agriculture USDA

The USDA has been engaged in erosionprevention efforts since the

1930s through local soil conservation districts the US Soil
Conservation Service and others to reduce the problem These

programs originally intended primarily for soil conservation now
serve as the basis for water quality protection efforts in agricultural
areas

The Soil Conservation Service SCS as a branch of the USDA
provides District Conservationists and other Federal employers who work
sidebyside with state and local officials They provide outreach and
technical assistance to farmers for pollution control which includes
the design of sitespecific pollution control measures The SCS

produces many of the basic handbooks and specifications used by state
conservation districts in their daytoday work of farm plan



development and sediment and erosion control plan review in addition the
SCS performs research and development in pollutioncontrol technology and
carries out watershed management and other special studies The SCS

provides national inventory and monitoring studies as a resource base on a

regular basis

Another branch of the USDA is the Agricultural Stabilization and
Conservation Service ASCS Through its national and state Agricultural
Conservation Program the ASCS provides costshare opportunities and
financial incentives to farmers initiating practices covered by the program



TABLE 2 SUMMARY OF EXISTING STATE WATER QUALITY CONTROL AND RESOURCE

MANAGEMENT ACTIVITIES AFFECTING THE CHESAPEAKE BAY

A NATIONAL POLLUTANT DISCHARGE ELIMINATION SYSTEM NPDES

District of Columbia Administered by the Department of Environmental

Services Bureau of Air and Water Quality

Maryland Administered by the Office of Environmental Programs
Department of Health and Mental Hygiene Water

Management Administration for municipal discharges
and Waste Management Administration for industrial

discharges

Pennsylvania Administered by the Department of Environmental

Resources Bureau of Water Quality Mangement

Virginia Administered by the State Water Control Board

All discrete point source discharges are regulated under the NPDES which

has been delegated by EPA to each of these states Included are industrial

waste treatment facilities and publicly and privately owned sewage treatment

works Dischargers must use Best Practicable Treatment Technology be

consistent with Areawide Water Quality Management 208 Plans and meet

State Water Quality Standards see Table 1
Special effluent limitations on phosphorus or nitrogen discharges have

been set by each state for particular areas of the Bay or its tributaries

as follows

District of Columbia No phosphorus or nitrogen limitation policy
Blue Plains Wastewater Treatment Plant NPDES Limits

are

Dates 7Day 30Day

mgL
1

Total Kjeldahl Nitrogen 411031 24 36
111331 50 75

Total Phosphorus 022 033

Administered by the Department of Environmental Services
Bureau of Air and Water Quality

continued
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TABLE 2 Continued

Maryland Upper Chesapeake Bay Phosphorus Policy Effluent

limit of 20 mg L 1 phosphorus for all wastewater

treatment facilities discharging more than 05 MGD

above the Gunpowder River and morethan=10MGD
between the Gunpowder and Choptank Rivers

Pennsylvania Pennsylvania Susquehanna River Discharge Policy
At least 80 removal of phosphorus by all newor

modified wastewater treatment facilities tomainstemortributaries below Juniata River

Virginia Special water quality standards for nitrogen and

phosphorus have been set by Virginia for tidal

embaymentsof the Potomac River in the Washington

DC area the Chickahominy River and the Lynnhaven

River

B CONSTRUCTION GRANTS FOR PUBLICLY OWNED SEWAGE TREATMENT WORKS

District of Columbia Administered by the Department of Environmental

Services Bureauof Air and Water Quality

Maryland Administered by the Office of Environmental Program

Department of Health andMental Hygiene Water

Management Administration

Pennsylvania Administered by the Department ofEnvironmental Res

Bureau of Water Quality Management

Virginia Administered bythe State Water Control Board

The allocation of Federal Construction Grant Funds for planning design an

construction of POTWs is managed by each of the states although final

regulatory authority is held by EPA Region Ill POTWs must be consistent

with Areawide Water Quality Management 208 Plans and meet State Water

Quality Standardssee Table 1 and special effluent limitations see NPDES

above Priorities for the allocation of funds are set by each state using

the following general

criteriacontinued
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TABLE 2 Continued

District of Columbia

Maryland

Pennsylvania

Impairment of water uses from existing municipal
discharges

Extent ofresulting improvements of surface and

groundwater

Completing system for a phase previously awarded
Population served

Specific category need addressed

Needs category and purposetype of facility
improvements
Stream segment severityexisting quality
Project benefitwater quality and health
Population affected

5 Special program goals

1 Water pollution control factors
2 Stream segmentpriority
3 Population affected

Public health impacts
Severity ofeffecton water quality

3 Population served
Need to preserve existing high quality waters

SEDIMENT ANDERDSION CONTROL

District of Columbia Local program administered by Department of Consumer
and Regulatory Affairs Flooding and Erosion Control
Section Regulatory requirement applied to erodible
material exposed by any project activity with permits
for all projects and plans for projects more than 50

sq ftandor $2500

Responsibility of the Department of Natural Resources
Water Resources Administration State law requires
sediment and erosion control measures for allconstructionactivities Certain aspects of program are
delegated to local jurisdictions with state oversight



TABLE 2 Continued

Pennsylvania Administered by the Department of Environmental Resources
Bureau of Soil and Water Conservation Regulatory

requirement for persons engaged in earthmoving
activities to maintain control measures with

permits required for activities involving more than

25 acres

Virginia Responsibility of Soil and Water Conservation Commission

Counties and cities must adopt and enforce state E
S Standards or develop their own which must be at

least as restrictive as state standards State provides

oversight

D AGRICULTURAL RUNOFF CONTROL

District of Columbia Not applicable

Maryland State Agricultural CostSharing Program enacted in

1982 administered by the Department of Agriculture
and Office of Environmental Programs Department of

Health and Mental Hygiene Critical watersheds and

appropriate practices needed identified in Statewide

208 Plan for Agricultural Runoff administered by

State Soil Conservation Committee Soil Conservation

districts promote development of voluntary soil

conservation plans

Pennsylvania State regulations require all farms to have conservation

plans In practice however program is voluntary
Conservation plan development for farms by SoilConservationDistricts Best Management Practices for manure

management identified by Department of Environmental

Resources Priority watersheds needing control identifies

in State Agriculture and Earthmoving 208 Planadministered
by the Department of Environmental Resources

Virginia Voluntary program of compliance with Best Management

Practices developed by the State Water Control Board

SWCB Soil Conservation Districts provide technical

assistance Priority watersheds needing control have

been identified by the SWCB Soil and Water Conservation

Commission and the US Department of Agriculture Soil

Conservation Service

continued



TABLE 2 Continued

E URBAN RUNOFF CONTROL

District of Columbia Local program administered by the Department of

Environmental Services Maintains street sweeping

and catchbasin cleaning

Maryland Statewide stormwater management law aimed at both

quantity and quality of runoff enacted in 1982

administered by the Department of Nautral Resources

Water Resources Administration Counties must enact

stormwater management ordinances by 784 that are

at least as strict as state guidelines to be developed

by 683

Pennsylvania Storm water management program administered by the

Department of Environmental Resources Bureau of

Dams and Waterway Management Counties must prepare

watershed plans Localities must adopt implementing

ordinances Both plans and ordinances are to address

quality as well as quantity of stormwater runoff

Virginia Statewide voluntary program of compliance with Best

Management Practices Localities have option of

requiring control Statewide stormwater management

law enacted in 1982 and is administered by the State

Soil Conservation Commission

F SHELLFISH SANITATION

District of Columbia Not applicable

Maryland Responsibility of the Department of Health and Mental

Hygiene Water Management Administration Establishes

regulatory standards monitors shellfish growing areas

and closes areas unsafe for the taking of shellfish

Pennsylvania Not applicable

j

Virginia Responsibility of the Department of Health Bureau

of Shellfish Sanitation Established regulatory

standards monitors shellfish growing areas and

closes areas unsafe for the taking of shellfish

continued



TABLE 2 Continued

G FISHERIES MANAGEMENT

District of Columbia Localprogram development begun by the Department
of Environmental Services Bureau of Air and Water
Quality and Department of Recreation

Maryland Departmentof Natural Resources Tidewater
Administration regulates the taking of fish licenses
commercial and recreational fishermen and coordinates
an extensive oyster culture program

Penns lvania Fish Commission administers fishing and boating laws
and is responsible for propagation and protection of
fish life

Virginia Marine Resources Commission manages public oyster
grounds and leases stateowned bottom to private
shellfishgrowers Licenses commercial and
recreational fishermen

If WETLANDS MANAGEMENT

District of Columbia Not applicable

Maryland Dredging and filling of public and private wetlands
are regulated by the Department of Natural Resources
Water Resources Administration

Pennsylvania Administered by the Department of Environmental

Resources Bureau of Dams and Waterways Management

Vir inia State Wetlands Act authorizes localities to establish
local Wetlands Boards to regulate activities affecting
wetlands Oversight by Marine Resources Commission

I DREDGING FILLING AND DREDGED MATERIAL PLACEMENT

District of Columbia Administered by the Department of Environmental Services
Bureau of Airand Water Quality While final authority
is held by the Army Corps of Engineers the District
performs many of the program activities

continued

Enabling Iegislation for delegation is pending before the District of Columbia
Corporation Council passage by the City Council and signing by the Mayor is
expected later in 1983



TABLE 2 Continued

Maryland See Wetlands Management above The Department
of Natural Resources jointly processes state
wetlands permit applications and those required
by the US Army Corps of Engineers Office of

Environmental Programs Department of Health and
Mental Hygiene Water Management Administration
issues Water Quality Certificates for these permits

Pennsylvania Not applicable

Virginia Responsibility of the Marine Resources Commission
which jointly processes state permit applications and
those required by the US Army Corps of Engineers
The State Water Control Board issues Water Quality
Certificates for these permits



Section 2

STATE WATER QUALITY CONTROL PROGRAMS

OVERVIEW

Maryland Pennsylvania Virginia and the District of Columbia DC have
established state programs to control discharges of pollutants and to protect
and enhance the quality of their waters including the Chesapeake Bay These
states also have fisheries and wetlands management programs which are
concerned indirectly with Chesapeake Bay water quality Table 2 summarizes
the major existing state programs A more detailed discussion of Federal
authorizing legislation and individual state programs can be found in
Appendix B

All three states and DC have been delegated authority by the EPA for
administration of the National Pollution Discharge Elimination System The
primary difference among each states program is the extent of treatment
dischargers must provide to comply with individual state water quality
standards Standards are set by each state and approved by the EPA Each
jurisdiction classifies its waters by use or by class and each category
has its own set of water quality standards The useclass designations
are different for each jurisdiction with Virginias being primarily related
to the physical characteristics of the waters and Marylands being related
to water uses Pennsylvanias useclass designations are also related to
anticipated water uses but define a greater variety of uses see Table 3

All three states and the District also allocated Federal construction grants
for publiclyowned sewage treatment works Each jurisdiction allocates its
funds according to a priority rating system established by the state and
approved by the EPA The priority systems have been summarized in Table 2
Maryland gives approximately equal weight to pollution abatement protection
of water uses type of facility improvement and special program goals
Pennsylvanias system is structured to support wateruse objectives established
by the state Virginia sets priorities based on public health impacts water
quality conditions population and maintenance of existing high quality waters
The Districts system ranks wateruse protection and improvement of surface
and ground water quality above completing the system for a phase previously
awarded the population to be served and the specific category needed Current
state projects dealing with nonpoint source problems that are funded through
EPA Region IlIs 208 program are included in Sectin 3 of this appendix along
with maps showing problem areas

All three states and DC have erosion and sediment control programs Virginias
is delegated to local jurisdictions where local jurisdictions do not assume
responsibility the state does Marylands is partly state partly localand Pennsylvanias is completely a state responsibility

Agricultural runoff control is voluntary in all three states although
Pennsylvania regulations require farm conservation plans In addition all
three states have worked with the Soil Conservation Service and identified



TABLE 3 STATE WATER QUALITY STANDARDS CLASSUSE DESIGNATIONS

VIRGINIA PENNSYLVANIA

I Open Ocean CWF ColdWater Fishes

II Estuarine Tidal WaterCoastal WWF WarmWater Fishes

Zone to Fall Line MF Migratory Fishes

III FreeFlowing Streams Coastal PWS Potable Water Supply
Zone and Piedmont IWS Industrial Water Supply

IV Mountainous Zone LWS Livestock Water Supply
V Put and Take Trout Waters AWS Wildlife Water Supply

VI Natural Trout Waters IRS Irrigation
VII Swamp Water B Boating

F Fishing
MARYLAND WC Water Contact Sports

E Esthetics

I Water Contact Recreation and HQ High Quality Waters

Aquatic Life EV Exceptional Value Waters

II Shellfish Harvesting N Navigation
III Natural Trout waters

IV Recreational Trout Waters

DISTRICT OF COLUMBIA

Primary Contact Recreation

Secondary Contact Recreation

Aquatic Life and WaterOriented Wildlife

Raw Water Source for Public Water Supply

Navigational Use

watersheds with a high potential for agricultural pollution These areas
have been targeted for soil conservation funding The USDAEPA Rural Clean
Water Program has funded grants to reduce agricultural runoff in three

small watersheds one in each state The Maryland General Assembly passed
a 5 million dollar costsharing program in 1982 for the implementation of

agricultural runoff control practices

Virginia has a voluntary program for urban runoff control
Pennsylvania and Virginia have enacted a mandatory stormwater management
law that includes provisions for water quality although funds have not
been appropriated The Maryland legislature has enacted a stormwater
runoff law which the state is now beginning to implement This law

consists of enabling legislation which requires counties and municipalities
to enact stormwater management ordinances by July 1 1984 The state is

developing regulations and guidance regarding requirements this effort

will be completed by July 1 1983 The District of Columbia government
administers a local program that includes street sweeping and catch basin

cleaning In addition to state efforts regional water quality agencies
such as Baltimores Regional Planning Council Washington Council of



Governments and Hampton Roads Water Quality Agency are helping state andlocal governments develop solutions for stormwater runoff problems

Virginia and Maryland have similar programs for shellfish sanitationand Bay fisheries management Wetlands management is a local
responsibility in Virginia and a state responsibility in Maryland
Dredging filling and dredged material placement programs are similar in
Maryland Virginia and the District of Columbia Shellfish and wetland
programs in Pennsylvania are not applicable to the Bay

MARYLAND CONTROL PROGRAMS

Marylands portion of the Chesapeake Bay encompasses the open Bay andits tributary estuaries which lie north of Smith Point at the mouth of the
Potomac River The Potomac River itself lies entirely in Maryland exceptfor its southern tributaries the VirginiaMaryland boundary crosses fromheadland to headland and the portion within the District of Columbia
Marylands boundary with Virginia crosses the Bay from Smith Point throughthe middle of Pocomoke Sound on the Eastern Shore

In Maryland responsibility for water quality and water resource
management is shared by the Office of Environmental Programs OEP in the
Department of Health and Mental Hygiene and the Department of Natural
Resources DNR The Department of Transportation the Department of State
Planning and the Department of Agriculture have limited responsibilitiesFrom 1970 to 1980 the overall authority and responsibility for planning
regulation monitoring and research affecting the water quality and
ecology of the Maryland portion of the Chesapeake Bay resided in the
Department of Natural Resources

Marylands environmental regulatory programs were reorganized in 1980
through a transfer of water quality and waste management programs from the
Department of Natural Resources to the Department of Health and Mental
Hygiene where a new Office of Environmental Programs was created As aresult of the reorganization the major programs which regulate water
quality are administered by the office of Environmental Programs the
Department of Natural Resources continues to administer the state water
resources management programs An organizational chart for the Office of
Environmental Programs is shown in Figure 4 and for the Department of
Natural Resources in Figure 5

Two administrations in the Office of Environmental Programs are
responsible for activities which affect and maintain Chesapeake Bay water
quality The Water Management Administration establishes water qualitystandards and approves county water and sewer plans areawide waste
management 208 plans sewage treatment plant discharge permits and
construction grants for publiclyowned treatment works The OEP also
establishes standards for onsite sewerage and community water suppliesWater quality monitoring programs are administered by the Water Management
Administration The Waste Management Administration within OEP developsNational Pollutant Discharge Elimination System permits for industrial
facilities and administers permit programs for land disposal of hazardous
and nonhazardous wastes Each of the two OEP administrations is
authorized to undertake facility inspections compliance monitoring and
enforcement activities
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Several administrations in the Department of Natural Resources manage
various aspects of Chesapeake Bay resources including fisheries wetlands

wildlife erosion and sediment control and emergency response to spills of

oil

The Water Resources Administration WRA includes regulatory programs

applicable to activities affecting water quality such as sediment control
surface mining small ponds flood control waterway construction and

obstruction dam safety dredging and filling of private wetlands and

stormwater management The WRA is also responsible for oil control The

WRA conducts water supply planning and issues water appropriations permits

The Tidewater Administration of the D14R is responsible for several

programs which are applicable to the tidal waters and adjacent areas

including coastal resources management including the Federal Coastal Zone

Management Program enhancement of tidal fisheries and improvement of

navigable waterways through specific projects

The DNRs Wildlife Administration regulates hunting and manages

wildlife populations and habitats

The Wetlands Administration regulates and develops permits for the

dredging and filling of stateowned wetlands

The DNR is primarily a regulatory and resource management agency It

also includes the Maryland Environmental Service however which constructs

and operates wastewater treatment plants and potable water treatment and

supply facilities

Several other state agencies administer programs which affect the

Chesapeake Bay The Department of Natural Resources runs the Power Plant

Siting Program the Department of Transportation includes the Port

Administration and the Department of Agriculture regulates pesticides and

participates in the planning of controls for agricultural sources of

pollution

The programs mentioned above were developed in response to state and

Federal legislation as well as public concern In addition to these

programs there are several statemandated programs that are administered

at the local level Sediment and flood control for example are

activities managed by local government agencies in accordance with state

standards

Water Quality Management Activities

The following discussion is organized around the types of activities

and facilities which may cause or alleviate water quality problems in the

Chesapeake Bay Each section briefly mentions the responsibilities and

programs of the various governmental units concerned with the specific

problem

Water Quality
StandardsThestates water quality standards are set and updated by the Water

Management Administration OEP The standards are set by stream segment
and define the designated uses of the waters and the water quality criteria



set to protect those uses The water quality criteria used include
coliform dissolved oxygen temperature pH turbidity toxicants and
residual chlorine The four wateruse classes established for Marylandare Class I Water Contact Recreation and Aquatic Life Class IIShellfishHarvesting Waters Class III Natural Trout Waters and Class
IV Recreational Trout Waters

Effluent limitations are established in NPDES permits for all
discharges which according to guidance and engineering judgement are
designed to ensure compliance with existing water quality standards In
the upper Chesapeake Bay an effluent limit of 20 mg L1 of phosphorusexists for all sewage treatment plants discharging more than 05 million
gallons per day MSD north of Baltimore or discharging more than 10 MGD
between Baltimore and the Bay Bridge

Industrial Waste
DischargesPermitsfor discharges required under the National Pollutant Discharge

Elimination System NPDES are issued by the Waste ManagementAdministrationOEP for industrial waste and by the Water Management Administration
OEP for sewage treatment plants

Industrial dischargers must use best practicable control technologyand proposed discharges must be consistent with the states water quality
standards Permit issuance compliance monitoring and enforcement of
permits is carried out by the Waste Management Administration OEP

PubliclyOwned Sewage TreatmentWorksTheWater Management Administration also issues NPDES permits for
publiclyowned sewage treatment plant discharges In addition sewage
treatment plants must comply with county water and sewer plans which are
prepared at the county level and approved by the Water Management
Administration The Water Management Administration monitors all permitted
sewage treatment plant effluents at least monthly in cooperation with
county health departments The majority of sewage treatment facilities are
owned and operated by local county and municipal agencies Local treatment
works may apply for Federal funding under Section 201 of the CWA which
provides up to threequarters of planning design and construction costs
The Federal share will be reduced to 55 percent after October 1 1984 The
Water Management Administration OEP is the lead agency for implementation
of the 201 program in Maryland and oversees plant planning and construction

The Water Management Administration also administers a state grant
program which provides up to 125 percent of publiclyowned sewage
treatment facility construction costs The Health Hazard Abatement Grant
Program which funds sewage treatment facilities needed to eliminate health
risks due to failing onsite sewage treatment systems is also administered
by the Water Management Administration

The Maryland Environmental Service DNR also owns and maintains sewage
treatment facilities and hazardous waste facilities Both the DNR and the
OEP may order the Maryland Environmental Service to intervene if locally
operated treatment facilities fail to comply with state standards

PrivatelyOwned Sewage TreatmentWorksTheWater Management Administration also regulates the construction and



operation of individual sewage disposal systems and requires provision of
treatment facilities prior to construction of subdivisions

OnSite Sewage
DisposalIndividualseptic system construction is regulated by the Water

Management Administration through county health departments County water
and sewer plans document septic failures attributable to small lots high
water tables poor percolation and steep slopes

Areawide Waste Management Planning
The Water Management Administration OEP has primary responsibility

for the formulation of areawide waste management plans required by Section
208 of the Federal Water Pollution Control Act except in the Baltimore and

Washington metropolitan regions where the responsibility was delegated to

the Regional Planning Council and the Metropolitan Washington Council of

Governments respectively The State Soil Conservation Committee
Department of Agriculture works with the Water Management Administration
in the preparation and implementation of the statewide Agricultural 208
Plan for the control of sediment and animal waste Table 4 summarizes
Maryland programs for controlling nonpoint source pollution

Agricultural
RunoffThroughthe 208 program the state has developed a strategy for

controlling sediment and animal waste from agricultural runoff This

strategy was prepared with the cooperation of the State Soil Conservation
Committee SSCC with the cooperation of many other organizations The

SSCC has lead responsibility for identifying priority areas where the

potential for water pollution from agriculture is great and for identifying
appropriate Best Management Practices BMPs for controlling sediment and
animal wastes both BMPs and the potential critical watershed have been
identified and an implementation strategy is presented in the statewide
Agriculture Plan In support of this program the OEP maintains regular
representation on the SSCC and offers assistance to the SSCC in overcoming
obstacles to implementation of this program

In addition to these state priority areas local Soil Conservation
Districts SCDs have mapped in detail their local critical areas The

SCDs work to promote the development of voluntary soil conservation and

water quality plans byfarmers

In 1982 a law was passed which set up a Maryland agricultural

costsharing program to supplement the Federal costsharing program run by
the USDAs Agricultural Stabilization and Conservation Service The

program to which 5 million dollars were allocated is to be administered

by the Maryland Department of Agriculture MDA and the Offices of
Environmental Programs OEP Department of Health and Mental Hygiene The
CEP is mandated to develop criteria for eligible projects to recieve the

costshare assistance while the MDA will serve as the link to farmers and
administer the distribution of funds

Additional information on agricutlural and other nonpoint source
problem areas in Maryland and current state projects funded by EPAs Region
III are included in Section 3 of this appendix

The Department of Agriculture administers the pesticide and pest
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TABLE 4 MARYLAND PROGRAMS FOR CONTROLLING MAJOR NONPOINT SOURCES

Date and

NPS Type Basis for Program Mandatory

agricultural 1940sSCDsstate law no

pollution SCSASCSfed law

sediment 1979 State 208Agrifertilizerculture Plan

waste etc no law
1982 State funded

costshare law

unprecedented in

MD

Agency Responsibility Comments

technical assistance SCDs committed

SCDsSCS but understaffe

Costshare ASCS fed 1970s 1980s
OEPMDA State breathing new
OEP preparing to do life in the

ongoing modest program State
research costshare is

big boost
eventual result

unknown now but

outlook is hope
ful

sediment 1970 State sediment yes SCDplan approval
control control law farms countiesenforceconstno State funds exempt ment oversight by

uction to local agencies WRA
surface

mining

urban run 1970slocal ordinances yes
off new in urban counties

development 1977 WRA policy
1982 State stormwater

law no State

funds to locals

urban run no law

off older

areas

no

urban run 1972 Clean Water Act yes
off NPDES program
industrial

continued

programs vary

greatly from

county to count

individual

county programs
fluctuate in

quality over ti

State must

monitor regular

ly endlessly

counties plan review program being
watershed planning developed by
enforcement WRA

oversight research most urban

by WRA State $ counties have

PEMA $ quantity orient

ed guidelines
State agencies

accepting

only incidental to little being don
other local functions

OEP makes runofftreatment
a condition of

many industrial permits



TABLE 4 Continued

Date and

NPS Type Basis for Program Mandatory Agency Responsibility Comments

hazardous 1976 State Hazardous yes CEP with EPA aggressive action
waste sites Substances Act on large older

Federal RCRA sites

1980 Hazardous stringent new
Waste Siting criteria for new
Board sites

septic old State law local yes OEP local health

system law departments

NOTES

NPS Nonpoint source

SCD Soil Conservation Districts countylevel
SCSASCS Soil Conservation ServiceAgricultural Stabilization and

Conservation Service federal
WRA Maryland Water Resources Administration

OEP Maryland Office of Environmental Programs
MDA Maryland Department of Agriculture

State ownership

andoperation of

major hazardous

waste sites

design criteria

have gotten more

stringent in

1970Ts



control program which requires registration and proper packaging and
labelling of pesticides as well as proper application of pesticides

Urban
RunoffMaryland does have a comprehensive program to address stormwater runoff

in existing areas The Water Resources Administration DNR has the lead
responsibility for addressing the quantity impacts of stormwater runoff
including flooding while the Water Management Administration OEP is
responsible for stormwater impacts on water quality Under a state law
passed in 1982 counties are required to have a stormwater management
program by July 1 1984

The states current strategy for urban nonpoint sources of water
pollution rests on 1 a continuing review of the evolving body of

knowledge relating to the mitigation of the urban runoff impacts 2 an
investigation of the legal institutional and economic aspects of

establishing effective stormwater management programs at the state and
local levels and 3 a program of technology transfer for the purpose of
sharing this knowledge with concerned citizens local officials and other
state agency officials in Maryland Only limited staff resources have been
available for this work

Runoff from ConstructionActivitiesStatelaw and regulations require sediment and erosion control measures
for construction activities in general as well as for timberharvesting
operations and surfacemining activities Under the existing state
program each county or municipality must adopt grading and building
ordinances necessary to carry out the sediment control program and submit
them to the Water Resources Administration DNR for approval Local
ordinances require that a person obtain a grading or building permit before
any clearing construction or development may begin One requirement for
receiving such a permit is that the developer submit an erosion and
sediment control plan which must be approved by the local Soil
Conservation District

Land clearing or construction activities carried out by a state agency
require Department of Natural Resources approval The OEp has entered an
agreement with the Water Resources Administration DNR to work

cooperatively in implementing and enforcing sediment and erosion control
programs The OEP is responsible for sediment as a pollutant after it
has entered a waterway and will notify the Water Resources Administration
of any apparent sediment and erosion control plan violations which are
observed

Surface
MiningThesurface mining of minerals including sand and gravel are

regulated by the Water Resources Administration DNR under the Maryland
Surface Mining Act of 1975

Dredging Filling and SpoilDisposalTheDepartment of Natural Resources regulates the dredging and filling
of private wetlands and the state Board of Public Works regulates the

dredging and filling of state wetlands

Federal permits are requried from the US Army Corps of Engineers for



the discharge of dredged material into navigable waters or to build any
structureto excavate or to deposit any material in navigable waters
Spoil material dredged from the bottom of Chesapeake Bay to maintain
maritime shipping channels is currently disposed of on land or in diked
containment areas

The Department of Natural Resources has entered into an agreement with
the Corps of Engineers providing for joint processing of state and Federal
permits In addition the Corps is required to consult with state agencies
and consider state policy when making determination on permit applications

The Federal Water Pollution control Act provides for delegation of the
Federal permit program for dredged and fill material to the individual
states Corps of Engineers permits are required for spoil disposal
containment sites under Section 9 and 10 of the Rivers and Harbors Act of
1899 In addition permit applications for activities affecting Marylands
coastal zone certification are available from the Coastal Resources
Division of the DNR

Discharges from dredging and spoil disposal operations are regulated by
the OEP under the states general authority to control water pollution
The Department of Natural Resources administers a permit program
specifically for approval of Baltimore Harbor dredge spoil disposal sites

Major dredging projects are primarily Federally funded and carried out
by the Corps of Engineers However the state is required to provide
suitable sites for spoil containment and to fund disposal operations The
Department of General Services is responsible for approving all contracts
plans and specifications for public improvement projects and has been
designated as the lead agency in supervising the construction of spoil
disposal sites

Dredging operations on a smaller scale are carried out by the Capital
Programs Administration of the Department of Natural Resources

Shipping OilSpillsTheDepartment of Natural Resources is empowered to regulate facilities
involved in receiving transferring or discharging oil in order to prevent
and control potential oil spills The Maryland Port Administration has
some regulatory power over vessels transporting oil In addition the

Maryland Port Administration is responsible for developing programs to
prevent and control oil spills in the Baltimore Harbor Area

A license from the Department of Natural Resources is required to

operate an oil terminal facility in Maryland License fees and revenue
from fines are credited to the Maryland Oil Disaster Containment CleanUp
and Contingency Fund which is utilized for oil spill prevention control
and cleanup Bonding requirements implemented by the Maryland Port
Administration are imposed upon vessels carrying oil in Maryland waters
Oil spill prevention and control programs are carried out in conjunction
with the US Coast Guard The Port Administration has enacted regulations
governing the operation of vessels in Baltimore Harbor

Boating
SewageThedumping of refuse by boaters is specifically prohibited by Marylandlaw



Shoreline
ErosionTheWetlands Act of 1970 allows owners of waterfront property to make

improvements into the water in front of their land to preserve their access
to navigable water or protect their shore against erosion Before
constructing soreline improvements the land owner is required to notify
the Dep rtment of Natural Resources In projects involving the filling of
state welands a permit from the state Board of Public Works is required

The Department of Natural Resources provides interestfree loans for
the construction of approved shore erosion control structures through the
Shore Erosion Control Construction Load Fund Under this program the

department designs and supervises shore erosion projects provides
technical assistance to property owners and administers the loan fund
Political subdivisions as well as individual land owners may apply for
funds Each proposed project is then assigned a priority number based oti

the rate of erosion anticipated public benefit and other factors Loans
are repaid through a special tax levied on the benefitted property

Hazardous
WasteTheSafe Disposal of Designated Hazardous Substances Act is

administered by the Waste Management Administration OEP The act imposes
general requirements with regard to the operation of hazardous waste
treatment storage and disposal facilities Persons who utilize or
dispose of hazardous wastes must supply the Waste Management
Administration O EP with a report identifying the type and quantity of

substances involved the proposed management or disposal methods and
detailed information concerning the location and characteristics of the

proposed disposal site To obtain department permits hazardous waste
facilities must comply with facility design and capacity standards undergo
periodic monitoring by the department establish emergency procedures in
case of accidents maintain adequate liability insurance and provide
evidence of financial ability to properly operate and maintain a facility
Additional department certification is required to transport designated
hazardous substances

Resources Management
Fisheries ManagementDetailed and comprehensive standards governing

commercial and sport fisheries in the Chesapeake Bay are implemented by the

Department of Natural Resources In addition the Department of Natural
Resources has the authority to promulgate fisheries regulations in several
specified subject areas such as the blue crab fishery the taking of

oysters from natural bars during closed season and the restricting the

harvesting of striped bass during spawning season

The Department of Natural Resources issues licenses to commercial

fishermen crabbers oystermen and clammers in tidal waters Money
received as commercial license fees in addition to taxes royalties paid
for oyster and clam shells removed from state waters and fines levied on
commercial fishermen are credited to the fisheries Research and

Development Fund This fund is used for research and the replenishment of

fisheries resources

The Department of Natural Resources coordinates an extensive oyster
culture program in the Chesapeake Funds appropriated for oyster
propagation are used to finance the planting of oyster shells cultch and
seed oysters on the natural bars of the state



The Department of Natural Resources is also authorized to acquire

property to be utilized as state fish refuges to protect propagate or

manage fish in tidal or nontidal waters

The Commercial Fisheries Advisory Commission and the Sports Fisheries

Advisory Commission both appointed by the Governor consult with the

Department of Natural Resources in the formulation of fisheries policy In

addition the ONR is authorized to enter into agreements with other states

to better manage fisheries

Authority to restrict commercial harvesting of shellfish is shared by

the Department of Natural Resources and the Office of Environmental

Programs of the Department of Health and Mental Hygiene Particular areas

may be closed as a conservation measure to promote increasedproductivityHarvestingmay also be prohibited in localities where water pollution poses

a potential health hazard

The Department of Natural Resources is required to take measuresto

increase the productivity or utility of the states natural oyster base

This may include a prohibition against harvesting oysters in specified

areas Similar regualtions apply to closure of clamming grounds

Harvesting restrictions are enforced by the Natural Resources Police

Wetlands ManagementThe Wetlands Act of 1970 authorizes the Department

of Natural Resources to regulate dredging and filling of private wetlands

Dredging and filling of wetlands is engaged in by private firms to provide

additional suitable land for agriculture and other uses and for the

purpose of mining sand and gravel Filling includes the artificial

alteration of navigable water levels by any physical structure This

encompasses the construction of shoreline erosion projects

Public agencies also undertake dredging projects to create and maintain

shipping channels Public projects are described in the survey of dredging

and spoil disposal activities The state Board of Public Works has similar

regulatory responsibilities over the dredging and filling of state

wetlands State wetlands include all land under the navigable waters of

the state below mean high tide affected by the regular rise and fall of the

tide Private wetlands are defined as any land not considered a state

wetland bordering on or lying beneath tidal waters which is subject to

regular or periodic tidal action and supports aquatic growth An inventory

of wetlands in the state has been prepared by the Department of Natural

Resources The State Wetlands Program is coordinated with the Federal

permit program for dredging and filling

PENNSYLVANIA CONTROL PROGRAMS

Introduction

The Pennsylvania Department of Environmental Resources DER is

responsible for the regulation and development of the commonwealths

natural resources including the management of activities that affect water

and land resources minerals and outdoor recreation The DER is also

responsible for the control and abatement of water and air pollution It

is the management and control efforts within the Susquehanna River Basin

primarily which affect the Chesapeake Bay
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The DER Organization

The Pennsylvania General Assembly created the DER through ACT 275 of
December 3 1970 The Department was activated in January 1971 by
abolishing the Department of Forests and Waters and Mines and Mineral
Industries and by transferring specific powers from the Departments of
Agriculture Health Labor and Industry and the state Planning Board
Figure 1 Act 275 also established the following

The Citizens AdvisoryCouncilTheCitizens Advisory Council consists of 19 members including the DER
secretary and six representatives chosen by the Governor the speaker of
the House and the president pro tempore of the Senate The members are
unpaid volunteers who seek to increase citizen participation in the
departments decisions The CAC is charged by law with reviewing all
environmental laws and making appropriate suggestions for their review
modification and codification reviewing the work of the department and
making recommendations for improvement and reporting annually to the
Governor and the Legislature

The Environmental HearingBoardTheEnvironmental Hearing Board is an independent threemember body of
lawyers appointed by the Governor with the advice and consent of the
Senate It holds public hearings and issues adjudications on orders
permits licenses or decisions of the department

The Environmental Quality Board
The Environmental Quality Board is a 21member panel of state agency

officials legislators and citizens It is responsible for developing the
Environmental Master Plan formulating and adopting rules and regulations
governing department programs and advising the department on policyissues The DER is organized into six major offices Figure 6 reportingto the Secretary of the DER These offices and associated responsibilitiesare

Office of AdministrationThis office provides direction and review of
staff support services for the departments administrative activities

Office of Chief CounselThis office is the departments legal agency
representing the department in courts and before the Environmental HearingBoard and offering legal advice and services to the department

Office of Environmental ProtectionThis office is responsible for

1 Identifying air pollution problems and solving them through
pollution control requirements monitoring and meteorological
services and air pollution emergency control programs

2 Administering statewide environmental health programs concerning
water supplies food protection recreation facilities nursing
homes schools mobile home parks seasonal farm labor camps and
rodent and insect control

3 Providing analytical services to the environmental regulatory
planning and advisory programs of the department
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4 Enforcing laws and regulations designed to protect the environment
from problems associated with surface mining both coal and

noncoal

5 Planning directing evaluating coordinating and organizing the

statewide waste management including resource recovery and

enforcement program

6 Maintaining and improving the quality of Pennsylvanias water

resources for the support of planned and probable uses and to

protect the public health The Office of Environmental Protection

maintains six regional offices which are responsible for

implementing and enforcing Pennsylvanias environmental laws

They handle complaints permit applications inspections and

environmental accidents in their regions

Office of Resources ManagementThis office is responsible for the

management of the states natural resources This includes recreation

forestry flood control water resources planning and development and

related engineering and operations activities It also is responsible for

water obstructions and encroachments floodplain management stormwater

management erosion and sediment control dani safety and water allocations
and for surveys of the geology mineral resources topography and

groundwater resources in the state

Office of PlanningThis office is responsible for planning and program
policies Congressional liaison environmental review and economics
emergency planning interstate and international boards and commissions
environmental impact analyses and development of the state environmental
master plan and Pennsylvanias recreation plan

Office of Deep Mine SafetyThis office is responsible for enforcing
the anthracite and bituminous coal mining laws which provide for the health

and safety of underground mines

Regulations and Standards

Table 5 provides a list of DER regulations and standards governing the

Departments Water Quality Management activities

Water Quality Management Activities

Water Quality Standards
Water quality standards for surface and ground waters in Pennsylvania

are developed and periodically revised by the Bureau of Water Quality
Management Office of Environmental Protection These standards are based

on designated water uses within a stream segment or zone in the basin and

water quality criteria necessary to protect those uses

Water quality criteria for the protection of aquatic life water

supply and statewide recreation have been established The criteria

include bacteria dissolved oxygen pH turbidity total dissolved solids
nitrogen phosphorus and metals Specific criteria for water uses

requiring special protection have also been established
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TABLE 5 REGULATIONS AND STANDARDS OF THE PENNSYLVANIA DEPARTMENT OF
ENVIRONMENTAL RESOURCES

RegulationsStandards Guidelines Provided

Chapter 91 General Provisions

Chapter 92 National Pollutant

Discharge Elimination

System

Chapter 93 Water Quality Criteria

Chapter 95 Waste Water Treatment

Requirements

Chapter 97 industrial Wastes

Spray Irrigation Manual

Chapter 99 Mine Drainage

Chapter 101 Special Water Pollution

Regulations

Chapter 102 Erosion Control

Provides general administration
and enforcement guidelines for the

Department of Environmental Resources
which relate to water quality

Sets standards and regulations for

the administration of this system
in Pennsylvania

Sets forth water quality criteria
for the waters of Pennsylvania
These criteria are utilized in the

Department of Environmental Resources
enforcement program

Sets forth specific treatment

requirements to meet specified water

quality criteria

Provides standards and regulations
for the treatment of industrial

wastes

Provides guidelines for site

selection system design and

preparation of plans and reports

Provides standards and regulations
for the treatment of mine drainage

Provides special water pollution
control regulations for the

following activities
Incidents causing or threatening
pollution

Activities utilizing polluting

substances

Impoundments

Algicides herbicides andfishcontrolchemicals

Sets forth rules regulations and
standards to control erosion and
the resulting sedimentation in the

waters of Pennsylvania

continued
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TABLE 5 Continued

RegulationsStandards

Chapter 103 Subchapter A Federal

Grants for Construction
of Sewage Facilities

Chapter 71 Administration of Sewage
Facilities Act

Chapter 73 Standards for Sewage
Disposal Facilities

Chapter 77 Mining

Chapter 301 General Provisions
State Board for Certification
of Sewage Treatment Plant and

Waterworks Operators

Chapter 303 Certification of Operators

Chapter 103 Financial Assistance

Subchapter B State

Grants for Operation of

Sewage Treatment Plants

Chapter 103 Financial Assistance

Subchapter D State Grants
for Construction of Sewage
Facilities

Guidelines Provided

Provides guidelines and eligibility
standards for obtaining Federal

grants for sewer projects

Provides rules and regulations
for the administration of the

Sewage Facilities Act Provides

guidelines for preparation of

sewage facilities plans

Provides standards and regulations
for onlot sewage disposal
facilities

Sets forth rules and regulations for

the reclamation and planting of

areas affected by open pit mining
of bituminous and anthracite coal
Also sets requirements for operations
of surface coal mining activities

Sets forth administration regulations
for administering the act

Sets forth regulations and standards
for certification of operators of

sewage treatment plants andwaterworks
Provides regulations for state grants
to municipalities for the operation
of sewage facilities

Provides regulations for awarding
of state grants for the planning
design and construction of sewage
facilities

continued



TABLE 5 Continued

RegulationsStandards Guidelines Provided

Chapter 75 Solid Waste Management Provides standards and guidelines
for a variety of solid waste

functions including
Preparation of solid waste

management plans

Granting permits
Sanitary landfill standards
Collection and transportation of

solid wastes

Chapter 76 Solid Waste Resource Provides guidelines for obtaining
Recovery Development loans for the Department of

Environmental Resources for disposal
processing systems and resource

recovery systems

Chapter 125 Coal Refuse Disposal Provides rules and regulations for

Areas operating a coal refuse disposal
area and obtaining a permit from the

Department of Environmental Resources
under the provisions of the Air
Pollution Control Act

Chapter 100 Mine Resources Management Provides rules and regulations for

operating a coal refuse disposal
area and obtaining a permit from the

Department of Environmental Resources
under the provisions of the Clean

Streams Act

Chapter 79 Oil and Gas Conservation Provides rules and regulations for we3

drilling operations and permits

Chapter 193 Public Swimming and Sets forth rules and regulations
Bathing Places governing operations and issuance

of permits for public swimming and

bathing places

Chapter 109 Waterworks

I

Sets forth standards and regulations
for construction maintenance and

operation of waterworks Also provide
regulations for obtaining permits
for waterworks



Discharge Permit
ProgramPointsource discharges from industrial waste treatment facilities and

both publicly and privatelyowned sewage treatment facilities are
controlled under the National Pollutant Discharge Elimination System
NPDES by the Bureau of Water Quality Management Office of Environmental
Protection The NPDES permit applications are processed at regional
offices Effluent limitations for the treatment facilities are established
in accordance with the water quality standards for the receiving waters
Monthly monitoring reports must be submitted to the DER regional offices
Waste treatment facilities must be consistent with areawide waste
management plans and with municipal or county sewer plans

The DER requires at least 80 percent phosphorus removal by all new or
modified wastewater treatment facilities discharging to tributaries and the
main stem of the Susquehanna River in a zone between the confluence of but
not including the Juniata River and the PennsylvaniaMaryland stateline

OnLot Waste TreatmentFacilitiesTheBureau of Water Quality Management administers the program for
individual and community onlot sewage disposal systems Pennsylvania
requires that all onlot sewage disposal systems be issued a permit by a
certified sewage enforcement officer employed by the municipality or
municipalities in which the system is to be installed In addition DER
concurrence is required for onlot disposal systems for any facility
establishment or institution for public use and for all experimental
onlot systems

Construction GrantsProgramTheDivision of Municipal Facilities and Grants Bureau of Water
Quality Management Office of Environmental Protection manages the
allocation of Federal grant funds for the planning and construction of
publiclyowned treatment works

The DER annually prepares a project priority list in conformance with
Federal requirements for submittal of such lists and schedules public
hearings prior to submitting the priority list for EPA approval The
fundable portion of the list contains projects in priority order planned
for funding during the fiscal year to the extent of the total funds
expected to be available during the Federal fiscal year

Priority among the eligible projects is established according to the
applicants accumulation of priority points for each of the following
rating factors

o Streamsegment priority
o Waterpollution control
o Population affected

Priority points are assigned to each of the rating factors as follows

1 Stream segment priority rating factor maximum 10 pts

o Category I water quality segments with existing sewerage
systems including treatment plants and experiencing growth
rates at or above statewide average excluding mine drainage
affected streams not scheduled for reclamation projects 10
pts

E40



o Category 11 water quality segments with growth rates below

the statewide average or identified as special protection
streams 7 pts

a Category III effluent limitation segment 4 pts

o Category IV water quality segments affected by acid mine

drainage from abandoned coal mines 1 pt

2 Water pollution control rating factor maximum 8 pts Table 6
TABLE 6 SUMMARY OF WATER POLLUTION CONTROL USEFACTOR RATINGS

i

No

Effect
Slight
Effect

Moderate

Effect

Great

Effect

ronmentCommunity Env

and Aesthetics 0 See Matrix 24

Domestic Water Supply 0 5 10 18

Fish and Aquatic Life 0 5 8 14

Public Bathing 0 1 3 8

Boating and Recreation 0 1 3 5

Industrial Water Supply 0 1 3 5

Irrigation 0 1 2 3

Stock Watering 0 1 2 3

A maximum of 24 points can be assigned to the Community Environment and

aesthetics usefactor A matrix is used to assign priority points based on

the extent of malfunctioning onlot systems occurrences of inadequately

treated or untreated sewage in publicly accessible areas or untreated or

inadequately treated sewage discharges to surface streams from overload

sewage conveyance facilities and treatment plants

3 Population affected rating factor maximum 10 pts

Project Equivalent Population Priority Points1 3500 6

3501 5000 7

5001 10000 8

10001 50000 9

greater than 50000 10

Project Equivalent Population is the initial population equivalent

which would be served by the project at the time that the project is

rated Small communities less than 3500 are rated for stream

segment priority and waterpollution control in the same manner as the

larger communities but 9 points must be assigned for the population
affected factor

DERs financial aid activity includes administration of funds available

through the Sewage Facilities Act Act 208 the Clean Streams Act Act
394 the Land and Water Conservation and Reclamation Act Act 443 and
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the Federal Clean Water Act PL 95217 The Sewage Facilities Act

provides 50 percent of the financial assistance to local governments for

the preparation of sewage facilities plans These plans establish the

extent of existing public sewage systems and recommend future required

facilities The Clean Streams Act provides a 2 percent subsidy for costs

of plant operation maintenance and replacement of new sewage facilities

The Land and Water Conservation and Reclamation Act provides for grants of

5 percent for eligible projects

Agriculture and EarthMoving Activities

The statewide 208 Plan for Agriculture and Earthmoving Activities was

approved in 1979 This plan deals with erosion and sedimentation manure

management aquatic vegetation herbicide control and pesticide control

In the erosion and sedimentation plan DER regulations require that any

landowner person or municipality engaged in earthmoving activity

develop implement and maintain erosion and sedimentation control

measures If the activity involves 25 or more acres of land a special

erosion and sedimentation permit from DER is required No permit is

required for activities involving less than 25 acres but erosion and

sedimentation control plans must be maintained at the site All farmers

must have either an erosion and sedimentation control plan or have applied

to their county conservation district for the plan The county

conservation districts prepare plans on a priority basis giving high

priority to those applicants with the most serious problems

The program is administered jointly by two separate bureaus of the DER

the Bureau of Soil and Water Conservation through its administrative ties

with the State Conservation Commission and the Bureau of Water Quality

Management The former reviews and evaluates the technical aspects of

erosion control plans and the latter is responsible for enforcing the

regulations

The manure management program is run jointly by the DER Bureau of Water

Quality Management the Soil Conservation Service and the Cooperative

Extension Service Approval or a permit is required depending upon how

the manure is handled A study was recently completedJune 1983 entitled

An Assessment of Agricultural Nonpoint Source Polution in Selected High

Priority Watersheds in Pennsylvania by the DER Bureau of Soil and Water

Conservation Additional information on Pennsylvanias nonpoint source

problem areas and current state projects funded by EPAs Region III are

included in Section 3 of this appendix

Comprehensive Water Quality ManagementPlanningThe
Department of Environmental Resources is addressing this problem

through the Comprehensive Water Quality Management Program COWAMP The

Bureau of Soil and Water Conservation Office of Resource Management

assists the Conservation Districts in implementation of conservation

programs

Mining Activities
All mine operators must obtain an NPDES mine drainage permit from the

Regional Environmental Protection Office The Bureau of Resources

Programming Office of Resource Management develops restoration and acid

mine pollution abatement programs for abandoned mine areas



Solid Waste
ManagementEach

municipality with a population density of 300 persons per square
mile must submit an official plan to provide an adequate solidwaste

management system for approval by the DER A permit is required of any
person municipality or authority that proposes to use any land as a

solidwaste processing or disposal area An air pollution control permit

may also be required The Bureau of Solid Waste Management is responsible
for planning directing evaluating coordinating and organizing the

statewide solidwaste management and enforcement program The DER also

administers a grant and loan program for development of resource recovery

systems

Air
PollutionTheBureau of Air Quality Control is responsible for identifying air

pollution problems and solving them through pollution control requirements

monitoring meteorological services and air pollution emergency control

programs An approved air quality plan is required before construction of

any significant air pollution source is begun An air quality temporary

operating permit is required to perform acceptance testing and to undergo

a lengthy startup and debugging period This permit is valid for 60 days
and may be extended An air quality permit is required to operate any air

pollution source

Water Resources Management

Pennsylvania Fish
CommissionThePennsylvania Fish Commission administers and enforces laws relating

to fishing and boating on Pennsylvanias waters The Commission is also

responsible for the propagation distribution and protection of fish life
in Pennsylvanias lakes streams and rivers

The Commission maintains a major interest in activities concerning the

abatement and reporting of water pollution Its staff of waterways

patrolmen assist in this endeavor by reporting various incidents of water

quality violations Working with the DER the Commission also reviews

permit applications for mine drainage stream clearance channel

relocation dam construction water allocation erosion and sedimentation

control and farm pesticide runoff

The Commissions Bureau of Fisheries and Engineering conducts fish
cultural research to determine fish ulanagempnt programs appropriate for

Pennsylvania The Bureau investigates the effect of pollution upon

existing aquatic life The Bureau acquires and develops access areas along
streams river and lakes f pr recreational fishing and boating

Pennsylvania GameCommissionThePennsylvania Game Commission is responsible for wildlife management
through the protection propagation and preservation of game firbearing
animals and protected species of birds The major waterrelated activity
of the Commission is its management of approximately 1100000 acres of

state gamelands used as wildlife habitat development areas Many of these
state gamelands contain natural ponds and manmade impoundments that

support various wildlife species



VIRCINIA CONTROL PROGRAMS

Introduction

The Commonwealth of Virginia holds title to the Chesapeake Bay and its
tributaries from the Potomac River at Smith Point to the mouth of the Bay
The tidewater portion of the state extends eastward from the fall line
which runs approximately along a longitudual line from Washington DC
through Richmond This portion contains onethird of the land mass in the
state but is home to sixty percent of the states population Hampton
Roads is one of the great ports in the world

The management and regulation of the resources and activities affecting
this region involve many state agencies Agencies with the greatest

involvement in the management of water quality and water resources are the
State Water Control Board State Department of Health and the Marina
Resources Commission The efforts of the Division of Industrial
Development and the Virginia Port Authority can also have significant
impact on the Chesapeake Bay Region The Council on the Environment is

closely involved with significant activities through the environmental
impact review processes

State Water ControlBoardTheState Water Control Board SWCB Figure 7 regulates the quality
of direct discharges into state water through the National Pollutant
Discharge Elimination System NPDES permit program Animal waste
treatment facilities and some industries are controlled by nodischarge
permits Nonpoint source pollution abatement is addressed through
areawide water quality management planning The water quality aspects of

dredging and filling operations are the purview of the 401 Certification
Program

State Department ofHealthTheState Department of Health has several programs which can impact
the water quality of Chesapeake Bay The classification of

shellfishgrowing areas and regulation of the public health aspects of the

shellfish industry is the responsibility of this agency The Health
Department also inspects and approves solid and hazardous waste disposal
sites and individual wastetreatment facilities The agency also approves
plans for publicly and privatelyowned sewage treatment plants and inspects
the facilities

Marine Resources
CommissionThe

regulation of the fisheries resource and the commercial fishing
industry is the responsibility of the Marine Resources Commission MRC
Figure 8 The Commission administers a permit program and reviews all
projects that have an impact on stateowned subaqueous bottoms The
Commission also has responsibility for administration of the Wetlands and
Coastal Primary Sand Dunes Programs

Virginia Port Authority
The Virginia Port Authority and the Division of Industrial Development

are both involved in encouraging industry to locate in Virginia and to
utilize Virginia ports for international commerce The success that these
two agencies enjoy can logically have an effect on the activities of
several of the state water quality programs

E44



SWCB ORGANIZATIONAL CHART
n rti h 1 rrr+lrrr i 1iI1

EXECUTIVE SECRETARY

SPECAL ASSITT TO
EXECUTIVE SECRETARY

EXECUTIVE ASSISTANT TO
EXECUTIVE SECRETARY

SUPERVISOR OF PERSONNEL

DEPUTY EXECUTIVE SECRETARY

SPECIALASSIST ANT

I

BUREAU OF APPLIED TECHNOLOGY NORTHERN REGIONAL OFFICE

Alexandria Virginia

Technical Serycns

Parmif A114Isrnan€ and Englnaarlrq

Operator Training and Alaislanru

13UREAU OF ENFORCEMENT

Nor Iliar n Valley Tied Cc is ral

Piedmont TldewatarSoulliwusl

BUREAU OF SURVEILLANCE
AND FIELD STUDIES

Ecological Siurihel

Chvsapcaka Flay Progrjm
SurrJlanca

Suriaca later Fnrarlyrltont

SUREAU OF A TER CONTROL
r11AAGEf T

iiydtouw

Plannrg

Dirrctor

PIEDMONT REGIONAL OFFICE

Richmond Virginia

SOUTHWEST REGIONAL OFFICE

Abingdon Virginia

TI DEWATEIt REGIONAL OFFICE

Virfrnia path Vudislio

VALLEY REGIONAL OFFICE

Bridgewater Vitginra

WEST CENTRAL REGIONAL OF FrCF

Roanoke Virg+rnt

Lorjled in Charlnlnrltr

Aho i_aaonvWe for Kilmrnock Otis

AZ lSTANT EXECUTIVE SECiETAR
PLAfrI7G AND ADINISTRTIo

BUREAU OF ADMINISTRATION
AND FINANCE

Manwgnrnant Sfrvicni

Adminlslralion

Automated Data Prorelsnq

CONSTRUCTION GRANTS C VISION

PUCLIC NFOR11TON1 CFFiCE

111 Ternpnraroy roorn to Derdury E racund
Secretary

ril Turriooruly L11jr rs 1 Si°iii 1 LUSTant to

E seculla •aoctary

IJ ISrnuora Hv rml1s to Oeiiur4 C 4euta
S rrulav r nt riclal •sss a11

Figure 7 Virginia State Water Control Board organizational chart



M
A

R
IN

E
R

E
S

O
U

R
C

E
S

C
O

IE
1
II
S

S
IO

N
O

R
G

A
N

IZ
A

T
IO

N
C

H
A

R
T

L
e
g
a
l

C
o
u
n
s
e
l

H

L
a
w

E
n
fo

rc
e
m

e
n
t

D
iv

is
io

n

h
r

I

D
is

tr
ic

t

S
u
p
e
rv

is
o
rs

I

D
is

tr
ic

t

In
s
p
e
c
to

rs

C
a
p
ta

in
s

M
a
te

s

E
n
g
in

e
e
ri
n
g

S
u
rv

e
y
in

g
D

iv
is

io
n

IFi
e
ld

S
u
rv

e
y

F
o
rc

e

i

1D
ra

ft
n
g

R
e
c
o
rd

in
g

V
e
s
s
e
l

R
e
p
a
ir

fa
x

a
n

M
a
in

te
n
a
n
c
e

O
p
e
ra

ti
o
n
s

S
ta

ti
o
n

C
o
m

m
is

s
io

n
e
r

F
in

a
n
c
e

A
d
m

in
is

tr
a
ti
o
n

D
iv

is
io

n

b
u
d
g
e
ti
n
g

A
c
c
o
u
n
ti
n
g

P
e
rs

o
n
n
e
l

P
u
rc

h
a
s
in

g

o
ff

ic
e

S
e
rv

ic
e
s

A
s
s
o

c
ia

te

M
e

m
b

e
rs

dE
n
v
ir
o

n
m

e
n

ta
l

D
iv

is
io

n

W
e
tl
a
n
d
s

B
o
tt
o
m

L
a
n
d

M
a
n
a

g
e

m
e

n
t

P
e
rm

it
s

C
o

n
s
e

rv
a

ti
o

n

R
e

p
le

ti
o

n

D
iv

is
io

n

O
y
s
te

r

R
e

p
le

ti
o

n

A
r
ti
fi
c
ia

l
R

e
e

f

P
ro

g
ra

m

F
is

h
e
ri
e
s

S
ta

ti
s
ti
c
s

F
ig

u
re

8

V
ir
g
in

ia
M

a
ri
n
e

R
e
s
o
u
rc

e
s

C
o
m

m
is

s
io

n
o
rg

a
n
iz

a
ti
o
n
a
l

c
h
a
rt



Council on Lite

EnvironmentTheCouncil on the Environment coordinates the state`s review of
environmental impact documents The Council also provides comprehensive
information on the environmental regulatory processes and requirements for
potential developers

State Air Pollution ControlBoardTheState Air Pollution Control Board administers the state and Federalair quality regulations in Virginia The Board has delegated
responsibilities for the prevention of significant deterioration programand the hazardous pollutants program of the Clean Air Act The agency
regulates emissions from discrete sources through a permit program An air
monitoring network for particulate matter and gaseous compounds is operatedto measure the ambient air quality The State Air Pollution Control Board
also has established an acid rain monitoring program

Water Quality Management Activities

Water QualityStandardsTheWater Quality Standards for Virginia are established and
periodically revised by the State Water Control Board Standards have been
adopted for the surface waters and the ground water within the state
Standards are set by stream segments The standards are based on the
designated uses of each segment and the specific criteria needed to protect
that usage Some areas within any segment may be designated for more
restrictive uses such as public water supplies shellfish waters or trout
waters

Numerical standards have been adopted for broad classifications of
state waters based on intended uses and the geographical regime of the
state These include dissolved oxygen pH and temperature Additional
standards for color metals organic compounds nitrogen and phosphorus
have not been established for the entire state

Special nitrogen and phosphorus standards have been set for the tidal
embayments of the Potomac River in the Washington DC area the
Chickahominy River and the Lynnhaven River The standards necessitate
enhanced effluent quality

NPDES Permit
ProgramIndustrialtreatment facilities publiclyowned treatment works

POTWs and privatelyowned treatment facilities are controlled by the
NPDES permit program administered by the State Water Control Board All
discharges into state waters from discrete sources are subject to
regulation by this program

Industrial dischargers must comply with the appropriate best
practicable control technology Sewage treatment facilities must be
consistent with the basinwide and the areawide waste management plans
All new POTWs must be designed in compliance with the states sewage
regulations The State Department of Health reviews and approves the plans
for treatment facilities

All facilities must submit monthly reports describing effluent quality
to the State Water Control Board Additionally the State regularly
conducts compliance monitoring surveys of the permitted facilities
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Individual Waste Treatment
FacilitiesApprovalof septic systems or alternate means of treating wastes from

individual households in the responsibility of the State Department of

Health This program is administered through local health departments

Construction Grants Program
The State Water Control Board manages the allocation of Federal grant

funds for the planning and construction of POTWs To be funded a proposed

facility must be consistent with the areawide waste management plan and

must be able to meet water quality standards

A priority listing of projects to be funded is adopted by the State

Water Control Board The list is developed by the staff on the basis of

such factors as public health impacts severity of effect on water

quality population served and the need to preserve existing high quality
waters The staff prepares a draft list for each funding biennium The

list is adopted by the Board after a public hearing has been held to

receive additional comments

Pretreatment
The State Water Control Board has been unable to implement a

pretreatment program in Virginia due to manpower and funding constraints

The agency has identified 27 POTWs requiring pretreatment and has developed

a check list to assist the localities in ensuring that local sewer

ordinances contain the necessary elements for an enforceable program The

agency is now modifying the permits of the identified facilities to include

a schedule of compliance for development of a pretreatment program

NoDischarge PermitProgramTheState Water Control Board administers a nodischarge permit program
for industrial and animal waste treatment facilities This program

regulates activities which can be operated in a manner which does not

require a point source discharge The goals of this program are achieved

by the reuse or recovery of wastewater and waste products

Erosion and Sedimentation ControlProgramsTheabatement of erosion and sedimentation E S from construction

activities is the ultimate responsibility of the Soil and Water

Conservation Commission Counties and cities have the prerogative of

adopting and enforcing the State Erosion and Sedimentation Control

Standards or developing their own which must be at least as restrictive

The Commission must approve E S plans for construction projects which

involve several local governing bodies The Commission also periodically

must review and approve the E S Handbook for the Department of Highways

and Transportation The State Water Control Board investigates reports of

sedimentation in state waters and works with the appropriate agency to

correct the problem

Agricultural Runoff
ManagementUnderthe Areawide Water Quality Management Program 208 the State

Water Control Board has endeavored to abate the pollutant loading from

nonpoint sources Together with many other state and Federal agencies the

SWCB developed best management practices for controlling pollution from

certain sources and has identified critical watersheds due to nonpoint

source activities These practices rely on voluntary compliance For the
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control of agricultural runoff the local Soil and Water Conservation
District is the governmental body normally involved Section 3 of this

appendix includes additional information on agricultural as well as other

nonpoint source problems in Virginia

Urban Runoff
ManagementOn

a statewide basis the abatement of pollution from urban runoff is

based on voluntary compliance with best management practices Compliance
with statutory requirements or regular maintenance practices to control
urban runoff pollution is the option of the individual localities The

effectiveness of this voluntary program is reviewed by the State Water
Control Board

Surface
MiningTheDivision of Mined Land Reclamation D LR is responsible for

administering the State Strip Mining Regulations and for reclaiming orphan
land The DMLR is in the process of obtaining responsiblity for issuance
of NPDES permits for the coal mine discharges

Dredging Filling and Dredged MaterialPlacementTheUS Army Corps of Engineers permits are necessary to perform any
activity which can result in a spoil discharge into navigable waters or any
dredging or filling in wetlands contiguous to navigable waters

The State and the Norfolk District and the Baltimore District of the

Corps of Engineers utilize the same permit application form This single
booklet serves as an application for the Corps permit the Marine Resources
Commission MRC permit the Wetlands Board Permit and the State Water
Control Boards Water Quality Certification

The Marine Resources Commission has jurisdiction over all stateowned
subaqueous bottom Any activity which involves the dredging filling or

crossing of the submerged bottom requires a permit from the MRC
Construction activities which similarly impact subaqueous bottom requires a

permit The Commission charges a royalty for the use of the public
resource The permit may contain stipulations to minimize any adverse
impacts

The Virginia Wetland Act is primarily administered by local county or

city Wetlands Boards in the tidewater portion of the State The Wetlands
Board permits must be obtained before the Corps of Engineers may act on a

proposal The Marine Resources Commission administers the Wetlands Act in
those localities which have not assumed jurisdiction under the Wetlands
Act The MRC also reviews all actions of local boards Additionally the

MRC is the appeals forum for persons aggrieved by the decision of a local
board

Shoreline StabilizationShorelinestabilization projects are generally subject to the same

regulatory statutes and review as the dredging and filling activites
Private land owners often wish to attempt to arrest the erosion of their

property the purpose of the Regulatory Review is to ensure that this

protection is obtained in a manner which minimizes the impact on the public
resources of the marine environment The Virginia Soil and Water
Conservation Commission has established the Shoreline Erosion Advisory
Service SEAS to advise property owners regarding shoreline stabilization
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The Commission on the Conservation and Development of Public Beaches

was authorized by the legislature in 1980 The Commission was established

to preserve and enhance the public beaches within the state by

administering the Public Beach Assistance and Development Funds This

funding is provided to the localities by the state for restoration of

publiclyowned beaches

Oil
SpillsStatelaw forbids the discharge of oil or petroleum products into state

waters and provides for recovery of investigation costs and damages An
oilspill contingency fund has been established to facilitate immediate

cleanup action for spills when the source or responsible party is

undetermined

Shellfish
SanitationTheState Department of Healths Bureau of Shellfish Sanitation is

responsible for establishing the regulatory standards for Shellfish
Sanitation Control The Bureau regularly samples shellfish growing areas
to determine their suitability from a public health perspective Any
growing area which is determined to be unsafe is closed for the direct

marketing of shellfish The State Department of Health regulates onshore
sanitation facilities and sewage pumpout facilities at marinas

Boat pollution is addressed by Regulation 5 of the State Water Control
Board The state is presently seeking a NoDischarge Zone designation from
the Environmental Protection Agency for the Rappahannock River If this

designation is authorized the state may either require holding tanks for

sanitary wastes aboard pleasure craft in those waters or may restrict the

area where sewage may be discharged overboard

Hazardous
WastesTheState Water Control Board regulates the discharge of toxic

materials with the NPDES system The Board adopted a Toxic Monitoring
Program in 1979 which is designed to ensure that industrial dischargers

develop sitespecific plans to monitor for toxic materials

The State Department of Health Division of Solid and Hazardous Waste

Management is responsible for the development of regulatory policy for all

aspects of solid and hazardous waste management This division is involved

in the manufacture transportation storage treatment and disposal of
toxic material Also within the SDIi the Division of Health Hazards

Control Bureau of Toxic Substances Information collects and stores
information regarding the utilization and storage of toxic materials

The Health Department and the State Water Control Board share some

responsibilities under the Resource Conservation and Recovery Act Both

agencies are involved to some degree in the approval of disposal sites
The Health Department regulates the disposal of materials while the SWCB

is responsible for the protection of surface waters and groundwater

Areawide Waste
ManagementTheState Water Control Board has overall responsibility for

administering the Water Quality Management Program pursuant to Section 208

of the Clean Water Act Seven areas determined to have major water quality

problems were designated to develop plans in 1974 The SWCB has the
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responsibility for developing a 208 Plan for the remainder of the state
The agency has reacted to that mission by compiling best management
practices handbooks to develop methods for reducing nonpoint source
pollution

Resources Management Activities

FisheriesTheMarine Resources Commission is primarily responsible for the

preservation and enhancement of fisheries shellfish and finfish for

commercial use The MRC develops andor administers the regulations and
statutes necessary to protect the fisheries resources The Commission
achieves this goal through the licensing of commercial fishing vessels and

fishermen and by regulating activities in the subaqueous beds in the

state The agency collects and evaluates commercial landings data to

determine the status of the resource The Commission manages the Oyster
Rock Repletion Program for 240000 acres of public oyster grounds An
additional 100000 acres of stateowned bottom is leased to private
shellfish growers

WetlandsAState Wetlands Act was adopted in 1972 with the declared policy to

preserve the wetlands and to prevent their despoilation and destruction
and to accommodate necessary economic development in a manner consistent
with wetlands preservation Vegetated tidalwetlands are considered to be

any area containing specific vegetation species which are located between
and contiguous to mean lowwater and on land situated within an elevation
of 15 times the mean tiderange above the mean lowwater The Wetlands
Act authorized tidewater localitites to establish Wetlands Boards to

regulate activities which affect wetlands All decisions of the Wetlands

Boards are subject to review by the Marine Resources Commission Any case
decision by a Wetlands Board may be appealed to the Commission The
Wetlands Boards depend heavily on the Virginia Institute of Marine Science
for technical advice and support

The 1972 Act has now been amended by the 1982 General Assembly to

include all nonvegetated areas of the shoreline between mean low and mean
highwater All unexempted activity in this new area became subject to

regulation on January 1 1983

Coastal
ResourcesThecoastal region of Virginia contains sixty percent of the states

population The Port of Hampton Roads is vital to the economy and the

defense of the entire country The Chesapeake Bay is the nations greatest
and most productive estuary This blend of people economy and resources
makes prudent management of the coastal resources imperative

Development and growth is carefully managed to ensure that the land

uses are compatible In Virginia this function is normally handled by the

local governing bodies through the zoning and Land Use Planning Sections
The State Wetlands Act is a state law that has landuse regulation
overtones

The fisheries resources shellfish and finfish are managed by the

Marine Resources Commission The Commission also has general regulatory



responsiblilities for all submerged lands tidal wetlands and primary

coastal sand dunes

The State Department of Health is mandated to ensure the public

health In the coastal areas the evaluation of the shellfish beds is a

critical function of this agency Individual wastetreatment facilities

are also regulated by the Health Department

The State Water Control Board has permit programs to regulate

discharges from sewage and industrial wastetreatment facilities and to

control agricultural animal waste discharges The agency has the

responsibility for investigating and if necessary cleaning up oil spills

within the state The SWCB also has a Water Quality Certification Program

to evaluate the water quality impacts of projects which require Army Corps
of Engineers Permits

The Council on the Environment administers a biennial review of coastal

resources management activities in Virginia The states success at

achieving its coastal resource management goals are evaluated carefully

through this process The report contains specific recommendations to

achieve the states basic goals

Several state agencies are involved in industrial and economic

development The Virginia Port Authority operates several port facilities

in Hampton Roads and generally promotes the use of Virginia ports for

international shipping The Division of Industrial Development is

responsible for attracting industry for Virginia and assists industries in

selecting suitable locations The Marine Resources Commission regulates

both the fisheries resource and the fisheries industry

WildlifeTheprotection and regulation of wildlife and the nonmarine fisheries

in Virginia is the purview of the Commission of Game and Inland Fisheries

C GIP The CGIF achieves this goal through licensing and enforcement

procedures and through wildlife management activities The Commission owns

and manages seven tracts of land in Tidewater Virginia totalling over

25000 acres The CGIF also serves sportfishermen and recreational boaters

by providing free boating access to state waters Over 50 public boat

landings are operational in the coastal area



SECTION 3

NONPOINT SOURCE WATER POLLUTION PROBLEM AREAS AND
ONGOING WATER QUALITY MANAGEMENT PROJECTS IN
CHESAPEAKE BAY REGION BY STATE

The Water Quality Management Planning Programs carried out by the
states during the last few years FY 80 to FY 81 focused on nonpoint
source NPS water quality problems States conducted assessments for NPS
categories perceived to he of most importance in terms of water quality
impacts and control feasibility In many cases the assessments resulted
in the identification of priority areas where problem solving
implementation programs should be initiated or accelerated This document
is a summary of the identified priority NIPS problem areas for each state
and of the abatement programs presently being implemented

Several informational sources were utilized in the development of the
maps and tables contained in this report Generally specific NPS problem
areas were identified from the statewide assessments conducted through
Section 208 and the Clean Lakes Programs Solution development and
implementation were also addressed by those programs and all of the states
in EPAs Region III have adopted plans that cover some of the more critical
NPS categorical problems In addition the implementation programs of the
USDA are included Table 7 summarizes the informational sources

This appendix does not present a comprehensive and thorough
identification and ranking of UPS problems either within or among the areas
in Region III The main purpose of this report is to provide a summary of
the critical NPS problems and solutions associated with the EPA supported
EQM progams in the states Therefore the information in the tables and
maps focuses on agricultural problems a few other types of problems are
addressed to varying degrees The reader must recognize that a for some
NPS problems the states assessments have not yet progressed to the point
of critical problem identification ie ground water problems and
toxics and b some problems are very extensive and difficult to solvedue
to economic considerations ie abandoned mine problems
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TABLE 9 SUMMARY OF MARYLAND AND THE DISTRICT OF COLUMBIA NONPOINT SOURCE
PROJECTS

Monocacy Watershed Nonpoint Source Loading Study Peter Tinsley Maryland
Department of Health and Mental Hygiene Office of Environmental Programs3013834214 A nonpoint source and landuse loading analysis will be
conducted in this project The establishment of loading rates for various
landuse types will be done Carroll Frederick Counties

Cooperative Extension Service Water Quality Specialist Peter Tinsley Maryland
Department of Health and Mental Hygiene Office of Environmental Programs3013834214This project provides for an extension specialist to serve as a liaison
between water quality management programs and the agricultural comminityAgriculturalnonpoint source planning is done as well as varied public information
tasks Carroll County Statewide

Rural Clean Water Program Monitoring and Evaluation Peter Tinsley Maryland
Department of Health and Mental Hygiene Office of Environmental Programs3013834214Project supports monitoring activities being done at the Carroll
County Double Pipe Creek USDA Rural Clean Water Program RCWP location Monitoringwill show and determine impacts of BMPs installed at the RCWP project area Carroll
County

Eastern Shore Nitrate Contamination Control Project Peter Tinsley Maryland
Department of Health and Mental Hygiene Office of Environmental Programs3013834214Groundwater contamination from nitrate will be investigated and
sources will be identified An assessment of the effectiveness of BMPs to
reduce contamination will be done Dorchester Wicomico Caroline Counties

Statewide Agriculture Water Quality Management Program for the Control of
Sediment and Animal Wastes Peter Tinsley Maryland Department of Health and
Mental Hygiene Office of Environmental Programs 3013834214 A plan was
developed on statewide sediment and animal waste problems and contains three
elements The first is a methodology for assessing critical areas The second
element details recommended BMPs The third element details a process for the
development of individual farm soil conservation and water quality plansStatewide
Project Clear Water Peter Tinsley Maryland Department of Health and Mental
Hygiene Office of Environmental Programs 3013834214 A major conservation
renovation of a farm was conducted as a pilot demonstration project showing the
impacts of BMPs on water quality Frederick County

Patuxent Non point Source Generation and Delivery Model Peter Tinsley Maryland
Department of Health and Mental Hygiene office of Environmental Programs3013834214This project will result in the development of a model that will simulatethe generation of selected nonpoint source pollutants in the Patuxent watershed
and the delivery of those pollutants to the Patuxent estuary Patuxent Basin
Counties

continued



TABLE 9 Continued

Establishment of Maryland Agricultural CostShare Program Peter Tinsley Maryland
Department of Health and Mental Hygiene Office of Environmental Programs3013834214This task will provide startup services for the newly enacted Maryland
Agricultural CostShare Program Regulations field manuals information brochures
andother administrative products will be developed statewide

Baltimore Metropolitan Region Water Quality Management Plans of Work Onlot
Disposal Problem Assessment Ground Water Management Program and Stormwater

Management Plan Dr Philip S Clayton Baltimore Regional Planning Council
3013835826

a OnLot Disposal Problem Assessment This project is to analyze septic
system usage identify onlot problem areas review management administration
and report on onlot disposal alternatives

b GroundWater Management Pro ram Program will review existinggroundwaterdata assess landuse ground water relationships identification of

ground water problem areas and develop recommendations to minimizegroundwaterproblems

c Stormwater Management Plan Project is to assess BMPs in developing areas
for their effectiveness analyze current institutional mechanisms
coordinate efforts with the Jones Falls NURP Project and evaluatemanagementprograms

As part of the Nationwide Urban Runoff Program NI3RP the Regional Planning Council
is also involved in a project to determine the impacts of urban runoff on water

courses in the Baltimore metropolitan area

Northeast Creek Non point Source Monitorin Peter Tinsley Maryland Department
of Health and Mental Hygiene Office of Environmental Programs 3013834214
Monitoring has been done in conjunction with an Agricultural Conservation Program
in the Northeast Creek Watershed

Hazardous Waste Facilities Development and Siting Program Peter Tinsley Maryland
Department of Health and Mental Hygiene Office of Environmental Programs3013834214Program will predict future demand on waste facilities in Maryland research
alternative disposal options and prepare list of candidate facility sites One

or more selected alternatives will be looked at pertaining to its preliminary
engineering and operating budgets

Washington County Ground Water Management Program Peter Tinsley Maryland
Department of Health and Mental Hygiene Office of Environmental Programs3013834214

Project will assess the causes of ground water contamination a

management program will be developed based on this assessment

continued



TABLE 9

District of Columbia Council of Governments

Metropolitan Washington Council of Governments 208 Water Resources Planning
Program Austin Librach Director Council of Governments Department of
Environmental Programs 2022236800 The Council of Governments work
includes tasks under the 04 and 05 grants

The 04 grant included two watershed nonpoint source management studies one
on Seneca Creek in Montgomery County and one on Piscataway Creek in Prince
Georges County

The 05 grant as part of the Regions Potomac Strategy is going to evaluate
the relationship of nonpoint source loads to point source loads inthe
Wasteload allocation setting process

As part of the Nationwide Urban Runoff Program NURP the Council of
Governments is also involved in a project to determine the impacts of urban
runoff on water courses in the Washington DC metropolitan area
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TABLE H SUMMARY OF PENNSYLVANIA NONPOINT SOURCE PROJECTS

Completion and Adoption of a Water Quality Management Plan for the Managementof Onlot Disposal Systems R E Erickson Division of Sewage FacilitiesAct Administration 7177879032 To develop an implementable plan for themanagement of the onlot sewage disposal program The plan will describe theexisting program identify deficiencies make recommendations for their
correction and describe needed resources The plan will consider 1 latesttechnological developments 2 related study and research recommendationsand 3 institutional constraints

Accelerated Development of a Non oint Source Toxic Substances ManagementStrategy Michael Arnold Toxic Substances Coordinator Division of Nonpointand Industrial Sources DER Bureau of Water Quality Management 7177878189To develop a strategy for the management of nonpoint sourcerelated toxicsubstances

Accelerated Assessment of Agricultural Pollution in Priority Areas Includingan Educational Program Developed b the Cooperative Extension Service VictorFunk Bureau of Soil and Water Conservation 7177875269 To identify specificnonpoint pollution problems linked to agricultural activities withinhighprioritywatersheds contained in the agricultural portion of Pennsylvanias208 plan to develop recommendations for implementation strategies that willproduce water quality improvements in critical areas by application of BMPsto develop an educational program that will be the most appropriate andeffective to encourage the use of BMPs by landowners voluntary cooperationto achieve water quality goals

Effects of Agricultural Best Management Practices on the Conestoga RiverAbove Lancaster Pennsylvania Arthur C Miller Institute of Land and WaterResources Pennsylvania State University 8148651521 To evaluate theoverall effects of the implementation of agricultural best management practiceson surface and ground water quality in the upper Conestoga River longtermmonitoring sites to evaluate the cost and effectiveness of agriculturalBMPs on surface and ground water quality of specific isolated sitesshorttermmonitoring sites

Evaluation of Fertilizer Practices Victor Funk Chief Watershed Branch7177837010 To determine the current practices employed by farmers to applycommerical fertilizer to cropland in a Pilotstudy areas and to determineif modifications to these practices are necessary or if additional techniquesmust be developed

Statewide GroundWater Quality Monitoring Program John 0 Osgood ChiefGround Water Quality Management Unit 7177879633 To develop a statewideground water quality monitoring strategy for Pennsylvania to includeidentificationof monitoring techniques basin evaluation and priorization locationof monitoring of potential monitoring points in high priority basins and acost assessment for implementation purposes The strategy will be applicablefor both groundwater quality and availability activities

continued
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TABLE 11

Development of Ground Water Quality Standards John Osgood Chief Ground Water
Quality Management unit 7177879637 To develop and recommend a system of
water quality standards for the protection of Pennsylvania ground water resources

Comprehensive Evaluation of Erosion and Sediment Control Program Victor Funk
Chief Watershed Branch 7177837010 To analyze the operating programs
currently in place to control erosion in construction activities agricultural
operations forest land disturbances mining activities oil and gas well drilling
operations and road construction and maintenance activities to determine if

improvements are needed in current policies and procedures to achieve greater
compliance with sediment control regulations to determine whether erosion and
sediment control plans are properly prepared adequately reviewed installed to

specification and BMPs are achieving the expected control of sediment pollution
and to assess the need for a personnel certification program for individuals
involved in E S plan reviews and site inspections

Water Quality Management Plan for Agriculture and Construction Ernest F
Giovannitti Chief Division of Nonpoint Industrial Sources 7177878184
A completed comprehensive plan for Agriculture Construction Runoff nonpoint
source pollution control
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TABLE 13 SUMMARY OF VIRGINIA NONPOINT SOURCE PROJECTS

Statewide Nonpoint Source Assessment Completed The Soil Conservation

Service has conducted an assessment of potential nonpoint sources of pollution

in cooperation with the State Water Control Board This was done in three

phases over a twoyear period and was limited to the agricultural and forestry

categories of pollution Phase III map Figure 11 illustrates watersheds

slated for conservation assistance

South Rivanna Watershed Management Program Completed A Watershed Management

Planning program for South Fork Rivanna Reservoir to continue planning and

monitoring and to develop a methodology for implementing the County Runoff

Control Ordinance Albemarle County

Smith Mountain Lake Study Completed The investigation of the impact of

nonpoint source discharges on the water quality of Smith Mountain Lake This

is the first investigation of rural nonpoint source discharges under the

State of Virginia 208 Water Quality Management Plan Development Roanoke

Potomac Embayments Assessment Study A reevaluation of the current embayment

standards is being done to plan for the most costeffective methods of improving

the water quality in the embayments

Economic Evaluation of Impact of BMP Implementation on riculture Completed

An analysis of economic relationships among agricultural production activities

is being done by Virginia Polytechnic Institute and State University The

work included an annual report on economic mathematical programming models

a report on water quality modeling and associated data mangement and a report

on potential for choice and policy strategy for implementing a nonpoint

source program with emphasis on local decisions statewide

Agricultural Extension Service Personnel Assistance A program to expand and

improve the nonpoint source pollution abatement educational program in Virginia

to be conducted by the Virginia Cooperative Extension Service An Environmental

Quality Specialist will assist in the implementation of the agricultural BMP

program and provide educational information and render technical assistance

in identified critical problem areas of the state

Implementation of Virginias NPS Forestry Program Efforts will be concentrated

in identified critical forestry areas and sites will be checked for erodibility

factors and sensitivity of receiving waters Foresters will ensure that logging

operators and timberland owners are aware of and encouraged to utilize BMPs

in all phases of their logging operations statewide

Agriculture BMP Implementation Practices Monitoring sites will be selected on

a critical agricultural watershed of predominately active cropland and the

monitoring will consist of gaging streamfiow and sampling water quality at

several sites in tributary streams The monitoring is intended to obtain

verification data for a hydrologicwater quality model Montgomery County

continued
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TABLE 13

Program for Expending aIm rovin Non oint Source Pollution AbatementEducational Program

Ulu

2in Vir inia A continuation of a project to be conductedby the Virginia Cooperative Extension Service to culminate as part of theimplementation phase of the state agricultural nonpoint source control programPosition will provide coordination of various extension programs andagricultural assistance programs with the state nonpoint source program

Special Non oint Source Studies on Chowan River Basin in Conjunction with theState of North Carolina The objectives of a twoyear Chowan Basin study areto identify and quantify critical pollutant sources pointChowan Basin to determine the effect of selected BMPaimplementationnonheimmediate downstream water quality through analysis of chemical water qualitydata and limited biological data and to ensure that the public is aware andinvolved in the project

BMP Implementation Strategy at the Local Community and Count Level A briefingpacket was developed for county boards of supervisors and towncity councilsto identify BMPs of value to particular communities The briefing presentedmethods for enabling the local government to encourage BMP use to get localprograms started statewide

RichmondCrater Consortium Interim Stud Completed The program will consistof analyzing point source waste load allocations using a static model assessingthe impact of residual wastes on water quality a nonpoint source assessmentand control needs project and a public participation program Richmond andCrater Planning District Commission areas

Ra ahannock Area Development Commission Non point Source Assessment Projectto assess watersheds and rank them calibrate a model with sampling data anddo a general assessment the nonpoint source problems RADCO area
iiam Lan Roads Urban Runoff Pro ram Project will evaluate BMP effectivenessin four watersheds in Lynnhaven Basin do BMP testing at construction highand low density residential commerical and institutional and industriallandusesites and develop BMPs and costeffectiveness analysis using a stormwatermodel Peninsula and Southeastern Virginia Planning District Commission areas
Roanoke Update for Affriculture Urban Runoff and Ground Water Non oint SourceCate oriel W Project description includes studying of watershedsized areasupgrading of malfunctioning septics in the Smith Mountain Lake area agriculturalnonpoint source assessment of dairylandpastureland and BMP effectivenessstudy urban runoff assessment and BMP effectiveness study ground water strategyidentifying problem types for the Roanoke area and a ground water conservationpublic participation program

WQM State Contact Robert Stapleford 8042576431
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TABLE 15 SUMMARY OF WEST VIRGINIA NONPOINT SOURCE PROJECTS

Agriculture Water Quality Management Plan Douglas Steele West Virginia Division
of Water Resources 3043482108 The agriculture plan would determine nonpoint
agricultural pollution sources by watersheds determine and finalize BMPs for each
watershed establish the priority watersheds for SMP implementation and develop
a program to ensure BMP application

Silviculture Water Quality Management Plan Douglas Steele West Virginia Division
of Water Resources 3043482108 A voluntary BMP compliance program is to be
established based on an expanded educational program Aerial survey of identifying
priority areas to abate silviculture nonpoint source pollution is included along
with a proposed demonstration project of BMP implementation

Construction Water Quality Mana eg mentPlan Douglas Steele West Virginia Division
of Water Resources 3043482108 This plan includes identification of areas
with potential for water quality problems during landdisturbance activitiesdevelopmentof a EMP manual describing practices and listings of general construction
activities and implementation of the plan on a voluntary basis with planneddemonstrationprojects

Mining Water Quality Management Plan Douglas Steele West Virginia Division of
Water Resources 3043482108 A priority determination of minedrainage effected
watersheds is included in this plan to help ensure the successful implementation
of a surface mine reclamation and mine drainage abatement program Activities are
being coordinated with the Division of Reclamation

Ground Water Strategy Plan Douglas Steele West Virginia Division of Water
Resources 3043482108 It is the intent of the West Virginia Division of Water
Resources to establish an overall strategy for the maintenance of ground water
at a level that will satisfy current needs and provide for future demands The
strategy will identify those institutional and resource needs necessary to

properly implement a ground water management program

303e Basin Plans Update Project Douglas Steele West Virginia Division of Water
Resources 3043482108 Project strives to address issues to better identify
areas where advanced wastewater treatment appears to be required and identify the
potential solutions to particular problems Work includes stream modeling sampling
and analyzing water quality and determining allowable wasteloads to particular
watersheds
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Table 17 SUMMARY OF DELAWARE NONPOINT SOURCE PROJECTS

New Castle County Water Quality Management Plans of Work Agricultural Fiscal
and Institutional Management Ground Water Mushroom Industry OnSite Waste
Treatment Solid Waste Disposal and Stormwater Non point Source Control Work
Programs Bernard L Dworsky Administrator Water Resources Agency for New
CastleCounty 3027317670

a Agriculture Program to disseminate information to the agriculture
and nonagriculture communities regarding the Appoquinimink RCWP
project Transfer of agriculture BMP information will be coordinated
by the Water Resources Agency

b Fiscal and Institutional Mann ement Work plan to examine and analyze
existing financing methods and recommend possible alternative sources
and mechanisms for the continued funding of the areawide water quality
management program

c Ground Water Program to establish water quality standards to integrate
with the states ground water management plan to update agricultural
and stormwater best management practices and to develop an emergency
spill response program for New Castle County

d Mushroom Industrial Management Work plan to rely on voluntary program
to implement best management practices with assistance of agricultural
conservation district personnel Plan consists of establishing project
oversight committee quantifying water quality impacts reviewing
monitoring and enforcement programs and identifying best management
practices

e OnSite Waste Management Program to develop costeffective guidelines
identify alternative onsite systems for use in ground water recharge
areas develop new regulations and modify old ones and develop a

management program for onsite systems

f Solid Waste Disposal Work plan to initiate work in furthering the

prioritization of landfill sites impacting an areas water quality
Recommendations will be made for a monitoring program on those sites
with the highest change of impacting water quality

g Stormwater Program will summarize fiscal impacts of drainage facilities
in New Castle County participate in the White Clay Creek and City of
Newark storm water management projects and participation in aninteragencyproject to develop storm water management controls for the Mill
Creek Basin
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FOREWORD

This document is an appendix to the Environmental Protection Agencys

Chesapeake Bay Programs report entitled Chesapeake Bay A Framework for

Action This monitoring strategy is only one of the management strategies

recommended by the Chesapeake Bay Program
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EXECUTIVE SUMMARY

Chesapeake Bay remains a highly productive body of water even after
centuries of intensive use Every year it provides millions of pounds of
seafood functions as a major hub for shipping and commerce supplies
natural habitat for over 2300 species of fish and wildlife and provides
recreation for residents and visitors In recent years however a number
of signs have indicated reasons for concern about the state of health of
the Bay Serious declines have been seen in freshwaterspawning fish
oyster spat recruitment and in the abundance of submerged aquatic
vegetation SAV In addition indications of degrading water quality
exist in the forms of nutrient enrichment accompanied by blooms of
nuisance algae and persistent dissolved oxygen deficiencies and increasing
additions of toxic substances to the water column and sediments

Monitoring data collected over the years have been adequate for
defining trends in water quality and living resources in some areas of the
Bay and its tributaries However these data have not provided the
information needed to understand the meaning of the changes taking place
Apparently monitoring and research need to be coupled in a mutually
reinforcing manner that would help reduce the uncertainty in explaining the
meaning of observed changes in the Bay

The construction of a new Baywide monitoring strategy consisted of
three major steps First the Bays declining natural resources were
described and questions that needed to be answered to determine the precise
causes of the decline were posed Second the existing state and Federal
monitoring programs were mapped Finally the strengths and weaknesses of
the existing programs were evaluated in light of their ability to answer
the questions concerning the living resources

The evaluation of the current monitoring programs revealed several
weaknesses including

l data collection gaps
2 duplication of effort
3` the failure to collect water quality and living resource data

together

4 the absence of Baywide monitoring goals and objectives and
5 the lack of support between monitoring and research

With these weaknesses in mind the CBP staff set out to formulate a new
Baywide monitoring strategy The first step in this process was to define
how one uses a monitoring program to solve the Bays problems The
traditio6al approach of relying principally upon trend monitoring was
abandoned as ineffective It was necessary to have a procedure that
combined monitoring research and management These three elements had to
be combined into a continuous interpretive feedback system

Managers need sound causeandeffect information to make wise
management decisions Therefore the collection of environmental data must
be done in a manner that minimizes the uncertainty associated withcauseandeffectinferences The collection of data can be done on a series of
levels each designed to give a different level of confidence in the data
These levels are defined as follows



Level I Descriptive to allow the monitor to describe

statistically changes in the parameters measured over time

and make trend assessments

Level II Analytical to allow the monitor to derive meaningful
correlations among several of the parameters measured over

time with defined statistical significance

Level III Interpretive to allow the monitor analyst and scientist

to determine causeandeffect relationships among several of

the parameters measured over time and to understand and

predict with statistical characterization interactions

among ecosystem components and the probable effects of

changes

The new Baywide monitoring strategy was patterned after this

hierarchical approach It presents baseline monitoring activities ie
collection of ambient water quality sediment and living resourcesdata

done at Level I and Level II efforts This provides descriptive information

and allows the forming of initial hypotheses concerning possiblecauseandeffectrelationships The next logical step in this process is to design a

Level III monitoring and research approach which will lead to the

understanding of causeandeffect relationships and provide a basis for

management action A plan that combines all three levels provides a more

effective strategy than the use of any single level approach Therefore

the new Baywide monitoring strategy joins traditional monitoring with

research and places them in a management context

The master monitoring plan as outlined in this document has several

facets

o it has a Baywide perspective

o it is problem oriented

o it builds on present monitoring programs

o it assumes coordination of efforts between state agencies and

between state and Federal agencies

o it emphasizes communication and cooperation between managers and

researchers

o it emphasizes the necessary relationship between baseline

tpulsetaking monitoring research and data analysis and

a it assumes that there will be an effective Baywide data management

plan

Because this Baywide monitoring program will be a longterm effort

carried out over several years data management is critical and should be a

continuing process This document suggests a data management plan whereby

field measurements will he recorded transcribed entered into the computer

quality checked organized into a unified data base and maintained in a

secure accurate and efficient manner for subsequent retrieval and analysis

Pv
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INTRODUCTION

The Chesapeake Bay system Figure 1 is a national resource recognized
for its productivity which is expressed as fishery yields recreation and

as a watercourse providing large volumes of water for industry and

transportation In recent years a number of signs have indicated reasons

for concern about the state of health of the Bay US EPA 1982b Flemer

et al 1983 To fulfill the information needs of Say managers industry
the public and the research community concerning possible future changes
in the Bay it is essential that an effective monitoring program be

developed that builds on present knowledge and monitoring efforts

An effective monitoring program should have several goals It should

enhance our ability to understand the difference between natural phenomena

and anthropogenic events provide information about controllable landuse

activities that can affect the Bays ecology and also provide a framework

for research Monitoring will become inefficient when it is uncoupled from

research that is when data are collected and not interpreted

Monitoring as it is defined in this document departs from the more

traditional usage of the word and is better phrased as analytical

monitoring The definition then becomes a structured approach to

environmental measurements in response to a specific question which permits
a causal inference to be made Analytical monitoring requires the coupling
of environmental resources management questions and scientific research

This leads to a better understanding of environmental variability resulting
from both natural and human influences

Chesapeake Bay is a complex system not only in physical chemical and

biological components and processes but also in terms of its goods and

services that result from numerous ecological processes including the

flow of the suns energy through the photosynthetic process of plants

including microscopic phytoplankto n to the fisheries and the human uses

of the system US EPA 1982a As an estuary the Bay has important

gradients and heterogeneities in its geology physics of water movement

chemistry and biology Thus it is not a homogeneous environment but one

of a myriad of dynamic features The human uses of this complex and

diverse system are manifold Based on these observations it would appear
that a monitoring program would necessarily be exceedingly complex The

magnitude of a monitoring plan will be large because of this complexity and

the large size of the Bay system its drainage basin occupies about 64000

square miles and the surface of the Bay and tributary waters occupies 4400

square miles However an organized approach can reduce the complexity to

manageable limits and scale the large size and diversity of the system down

to comprehensible dimensions

The purpose of this document is to define a framework and strategy for

the Master Monitoring Plan for the Bay identify some important elements of

the plan and suggest how research might be integrated into a longterm

operational monitoring effort A summary is presented of the Bays main

problems identified by the characterization process Flemer et al 1983
and a discussion is given on how monitoring should be coordinated to

address these and other problems which may occur In addition the

document summarizes the existing monitoring programs and assesses their

ability to provide the information needed to begin to solve these

F1
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problems Requirements and recommendations for biological resource
monitoring are outlined as well as a general data management plan for all
types of monitoring A key feature of this data management plan is the
emphasis on quality assurance

This document is divided into 3 sections Section 1 gives the
reasoning behind the need for a new monitoring strategy section 2 presentsthe theory and rationale which went into the plans formulation and
Section 3 presents the plan itself



SECTION I

THE NEED FOR A NEW BAYWIDE MONITORING STRATEGY

STRENGTHS AND WEAKNESSES OF EXISTING PROGRAMS

The attempt to characterize the Bay Flemer et al 1983 using past and

present monitoring data revealed some strengths and weakness concerning
this data collection The next three areas will discuss 1 the major

problems with the data collection 2 what the data revealed about the

state of the Bay and 3 recommendations for future data collection and

analysis

Major Problems with the Data Collection

First there were major problems with the data base as seen in the lack
of consistent data collection in several large areas of the Bay such as
the Eastern Shore regions and the lower Bay Many of these areas are

biologically important areas such as finfishspawning grounds Second
temporal coverage could be improved as could the power of multifactorial

analyses by collecting water quality information that is coupled with

living resource information and third there was a lack of consistency in
selection of parameters measured This can be remedied by selecting a core
set of parameters that will always be measured Attachment I discusses in

more detail these and other problems with past data collection

What the Data Revealed about the State of the Bay

Most of the monitoring conducted in the Bay and its tributaries at

present is done on a trend assessment level Monitoring which is designed
to show causeandeffect relationships is accomplished under special

programs usually through research agencies and institutions Through the

characterization of Chesapeake Bay Flemer et al 1983 data from the

current monitoring programs and research efforts were used in statistical

analyses and showed declines in several of the Bays natural resources In

many instances it was possible to show correlations between these declines

and certain water quality parameters which were sampled concurrently with
the living resources data In many areas of the Bay this was not possible
because concurrent water quality data were not available In addition in

most cases direct causeandeffect relationships were impossible to

conclude because the monitoring programs were not designed to address this

issue

The major environmental problems that emerged from the characterization

process Flemer et al 1983 provide a conceptual basis for a monitoring
plan Each problem may be formulated as one or more specific hypotheses
that may be tested This approach ensures that data will be used to

address the most important problems and that explicit decisions will be

made regarding what is to be measured and the format of the experimental
design

The characterization process Flemer et al 1983 and research by many
institutions aided the CBP in identifying the following key problem areas



1 An increase in the extent of oxygen deficient water in the midBay
region

2 A decline in submerged aquatic vegetation SAV

3 A decline in freshwater spawning anadromous fish

4 A decline in the oyster fishery particularly spat set success

5 A proliferation of nuisance algae in upstream portions of the Bay
and its tributaries

6 A threat of toxic substances to some living resources

7 A decrease in water clarity

8 A need for a more coordinated effort in the collection of baseline
information on the Bay

9 A need for information to formulate calibrate and verify
hydrographic and water quality models of the Bay

10 An urgent need to understand the causes of undesired changes

Three of these problem areas involved declines in important living
resources of Chesapeake Bay SAV finfish and oysters The remaining
areas could be directly or indirectly related to these three resources
With this in mind CBP attempted to formulate monitoring strategies that
were designed to further the understanding of causeandeffect
relationships between water quality and these living resources Questions
designed to reveal the causes of the declines seen in each of these
resources were formulated from what is known about the resources life
cycles and how they interact with their environment Monitoring strategies
built around this framework aid in the separation of anthropogenic from
natural causes and bring the manager closer to pinpointing the exact
causes of the decline Some specific hypotheses addressing these major
problems and associated rationale answers from characterization Flemer et
al 1983 and suggested tests for the hypotheses are shown in Attachment 2
of this monitoring report

Recommendations for Future Data Collection

To improve data analysis several areas of data collection should be
refined Some of these improvements include standardization of techniques
congruent water quality and biological sampling consideration of natural
variability when designing sample intensity and frequency and recognition
of local system features In addition several areas of needs were
identified including 1 the need for true abundance measurement 2 the
need to understand biological community structure and interactions and 3
the need to develop bioassay procedures that allow interpretation of
laboratory derived results of field conditions Attachment 4 discusses
each of these recommendations as well as specific biological sampling
recommendations in more detail



SUMMARY

The need for a new monitoring strategy issues from these facts

Q there are data collection gaps

o there is duplication of effort

o water quality and living resources data are collected separately

o no Baywide monitoring goals and objectives have been set and

o monitoring and research have not necessarily supported each other

With these ideas in mind the monitoring team Bay scientists and stateMD and VA and Federal representatives formulated a proposal for a
Baywide monitoring strategy

Each of the state monitoring programs described in Attachment 3 are
designed with a specific purpose in mind which may cover onlya small
portion of a river or embayment The philosophy behind the new monitoring
strategies proposed in this report is not to countermand the states
specific monitoring objectives but to better coordinate the efforts and
manage the data collection and storage to attack the problems involving the
Bays declining resources see maps of state and Federal monitoring
stations Attachment 3



SECTION 2

THE THEORY BEHIND THE PLAN

IMPORTANT GUIDELINES

A number of important guidelines are suggested for the satisfactorydevelopment of a monitoring plan Some of these are selfevident butothers are not

Management goals must be established for major zones or regions ofthe Bay and tri utar es

The overall management goal is to maintain the natural biologicalproductivity and enhance it where science and management indicates suchwould be appropriate Regions such as Baltimore Harbor and the ElizabethRiver near Norfolk may receive future reductions in the discharge of
materials that cause problems but it may not be realistic to expect suchareas to be rehabilitated to former pristine conditions These may beextreme examples of lost living resource values however other similarregions may be returned to a more natural productive condition without
reaching the former productive potential

Objectives must be stated for monitoring

The objectives will form the road map by which we can measure
progress in assessing the health of the Bay and evaluate the success of
management efforts

Monitoring must be carried out in the context of environmental
uncertainty

This statement is based on the observation that environmental
measurements inherently have a probability distribution Conclusionsreached from such measurements must address the statistical uncertaintyassociated with sampling and analytical efforts to be meaningful Howeveranother important consideration is the uncertainty associated with our
understanding of the dynamic nature of an ecosystems structural and
functional properties Flemer and DeMoss 1982 In this context therecontinues to be questions about what to measure where and with what
frequency

It must be recognized that outputs of the Bay ecosystem such as
fisheries result from the interaction of a number _ ecologicalprocesses

For example human effects on the fisheries can be direct as in
overfishing but often it is intervention of various Bay processes egnutrient cycling changes in freshwater flow turbidity and its effects on
photosynthesis that can ultimately damage the fisheries

An operational framework that links sources of problem materialswith their transport fate and effects nee s to a maintained



This simple framework Figure 2 will require constant and consistent
monitoring of point and nonpoint sources of pollutants often far removed
from the tidal Bay system proper It will also require a close coupling
between present land use activities a data management system and
flexibility in overall sampling design to track environmental planning
efforts which will assist future allocation of monitoring resources

Monitoring without an effective data management system can lead to
resourceuse inefficiencies and waste

This point is selfevident in light of the vast amount of data in hand
and anticipated in the future Furthermore an effective data management
system is essential to periodic resource assessments

A system or Baywide perspective is essential

The future water and sediment quality of the Bay and its tidal
tributaries will continue to depend on inputs of material from various
landuse activities in the drainage basin airshed and ocean boundary A
holistic view of the Bay ecosystem is essential if we are to appreciate the

interconnecting nature of ecological processes White and Millington 1982
IMPORTANT CONSIDERATIONS IN THE DESIGN OF A MONITORING PLAN

The Importance of Baseline Monitoring

Baseline sampling as we are defining it for this document is the

collection of data at defined locations over time by defined procedures
It is useful in describing the basic features of the Bay ecosystem and can
help portray change However baseline monitoring alone cannot provide
adequate information needed to understand the meaning of a change in the
state or level of a variable The Bay system is an ecosystem whose
properties are dynamic and interacting US EPA 1982a Thus measuring
changes in phytoplankton copepods oyster and fish stocks or water and
sediment quality ie nutrients and toxic materials will not provide
adequate data to understand or infer much about the nature and effects of a
stress or the response time following the relaxation of a stress

The Need for Hypothesis Testing

Hypothesis testing whenever possible ensures that a focus on sampling
design and evaluation of the data in terms of accepting or rejecting an
hypothesis will occur Without a question in mind it is difficult to
interpret data An extension of this concept leads to mathematical models

The Complexity of Bay Ecological Processes

Another important consideration is the recognition that ecological
processes in the Bay operate at varying spatial and temporal scales Harris
1980 Figure 3 For example it is known that there are daily changes as
well as seasonal and locational differences in the levels of dissolved
oxygen Thus how the spatial and temporal scales are viewed is critical
to how a monitoring plan is designed and the results interpreted A useful
way to view the ecological complexity of the Bay and link various spatial
and temporalscales into an analytical framework for coupling field
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PERSPECTIVES

Space
Metres

9004 km

616 km

55 km

8km

800 m

20 m

012 m

Fir I A summary of the hierarchy of the various algal responses to the spectrum of

environmental fluctuations The temporal and spatial scales are linked by the processes of

horizontal turbulent diffusion Bowden 1970 The three bell curves roughly define the

scales of interest to physiologists ecologists and climatologists The horizontal arrows are

meant to show that higher frequency lower level processes collapse into higher level

responses The figure does not pretend to be an exhaustive descriptionfor more details

and references see text from Harris 1980
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observation andexperimentai work including mathematical modeling is

exemplified by an hierarchical design of research in submerged aquatic
vegetation Kemp et al 1980 Figure 4
Segmentation of the Day

The physical complexity of the Bay can be portrayed in a simplified and
organized way as proposed by the US Environmental Protection Agencys
Chesapeake Bay Program Figure 5 The approach is to segment the Bay
system into a group of areas that share common features Major classes
within each major tributary include tidal fresh water the turbidity
maximum zones and the twolayered estuarine region The lower mainstem of
the Bay has some unique features in terms of estuarine circulation
However this approach provides a firstorder level of comparison and helps
define limits on ecological processes for the Bay and tidal tributaries
that are controlled primarily by salinity and estuarine circulation

Coordination of Effort

A principal weakness in many monitoring efforts is the lack of
coordination in sampling among the various scientific and management
agencies This problem is acute when piecemeal sampling is undertaken
Simultaneous sampling which includes key variables can provide greater
insights as to the probable cause of an effect For example studies that
examine the phytoplankton distribution in the Bay without measuring
important physical and chemical variables will not allow an opportunity to
analyze for meaningful correlations An example of this problem is
described in detail for the fluvial James River at Cartersville whereby
inconsistencies in the dissolved oxygon data arose because appropriate
variables and frequencies of sampling were not included in the baseline
monitoring Comptroller General 1981

Changes in Methodology

Monitoring studies that extend over many years are subject to
methodological change This change may be appropriate but it is essential
to attempt to calibrate the old and now methods for their comparability
The importance of this consideration was recently shown in Lake Michigan
where approximately 90 yearn of water quality data at selected drinking
water plants were seriously questioned Shapiro 1983

Quality Assurance

it is critical that a rigorous quality sasurance plan be adopted Or
the Baywide monitoring plan Criteria ahculd be established before data
are compared Otherwise methodololgical differences lack of analytical
control and other factors will limit the utility of such data in trend
analyses

A Specimen Bank

Another important consideration is th role of developing a specimen
bank where environmental materials eg sediments and living resources
will be stored under appropriate and rigorously controlled conditlpps for
future reference This concept is straightforward=it is important in
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Figure 4 Conceptual scheme illustrating the hierarchical design of research
on submerged aquatic vegetation and associated Chesapeake BayecosystemsThe illustrations on the right show various scales ofresearchfocus and model diagrams on the left represent principal
parts and processes of systems which correspond with thehierarchicallevel being studied Graphic symbols are those of HT
Odum 1971 from Kemp et al 1980
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analyzing trends in exposure to previously unrecognized toxic materials ortoxic materials for which analytical techniques may at present be
inadequate Luepke 1979

Informing the public

Concerned citizens in the Chesapeake Bay are an asset to managers andresearchers involved in protecting Chesapeake Bay It is important for the
public to be informed that monitoring data are actually used in resourceassessments The better informed citizen has a clearer view of how to
participate in Bay issues One way of keeping open communication between
managers researchers and citizens is through a citizens volunteer
monitoring program Attachment 5
LongTerm Commitments

Longterm commitments are an essential ingredient because interpretationof data resulting from these programs often involves dealing with longtermnatural cycles and the ability to reliably detect subtle human interventionin the system

A Management and Regulatory Framework
Informational development to address management and regulatory

concerns for the Bay system requires that observed efforts be linked to a
probable cause or causes Therefore knowledge about sources of problems
or potential problems can provide guidance to the development of a
monitoring design

SourcesWithin the segmentation scheme the tidal waters of Chesapeake Bay can
be viewed as an interface between the land and the atmosphere Hazardous
materials that enter the estuary mainly via fluvial sources should be
considered in a monitoring scheme Classes of materials can be

conveniently grouped into nutrients toxic chemicals including trace
metals and organics and sediments They can be catagorized as point and
nonpoint sources depending on whether they emanate from a confined
structure such as pipes or from diffuse sources such as agricultural runoff

Emphasis should be placed on developing a fallline or headoftide
sampling regime that flags a material that would present an additional load
to the Bay and which would have unacceptable consequences The idea of
unacceptable consequences is related to management criteria which are
usually framed in terms of uses of the estuary and its resources Itshould be noted that sources for a particular segment include other
boundaries eg the ocean or a more seaward segment the Bay bottom and
the atmosphere

The activity of assessing source material should include a series of
bioassays to help evaluate the relative toxicity of anthropogenic
substances These bioassays should be tested on avariety of organisms and
biological communities including micro and meeocosms The latter is
necessary because singlespecies bioassays often are poor predictors of the
field behavior and the effects of industrial chemicals Emphasis should be
placed on subnCUte effects and possible shifts in the food web The
greater ecological insights gained on source material effects will lead to
a more rational basin for the prevention of pollution
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Transport andFateAsindicated above the transport and fate aspect is coupled to the
source identity The significance of toxic chemicals and associated fine
sediments argues strongly for the development of physical transportmodels Because of logistical and cost problems the Chesapeake Baywide
monitoring of materials from a transport and fate consideration will be
difficult to achieve on a spatially and temporally dense sampling plan
Taking data to calibrate and verify transport models or update them seems
to be a better strategy than attempting to directly assess the transport
and fate components on a samplingintense schedule Sitespecific problems
may fall outside of this argument but tributary or Baywide efforts should
use the predictive capacity inherent in mathematical modeling with a
balanced use of ground truth

Important questions will continue to require refinement for example
to what extent do materials get locked up in river and reservoir sediments
and organic matter which preclude materials from reaching tidal waters and
under what hydrographic conditions do selected materials pass through
tributaries to the mainstem of the Bay and vice versa

EffectsThis
topic is poorly developed in an ecological context except for

nutrients where the capability is largely in terms of predicting changes in
the concentrations of dissolved oxygen ie little is known about foodweb
effects of nutrients Research on the basic effects of nutrients at the
level of foodweb relationships is needed before a rational effects model
can form the core of a nutrient monitoring plan In this context toxic
chemicals can be modeled mostly in a qualitative way using conceptual
effects models Basic work is needed especially in the area of obtaining
chemical tags or markers to trace the flow of materials in the food webs
and in the ability to sort out meaningful signals in a typically noisy
environment

As a basic strategy the present effects models being developed by the
scientific community should be used to predict the effects and specific
research studies should use the longterm monitoring data to validate the
predictions This approach has immediate utility for nutrients but since
toxic chemical effects are much less clearly defined the approach will be
more qualitative The Application of conceptual mathematical models may
help resolve critical management decisions in the future For example a

significant increase in nitrate loading to the upper Chesapeake Bay may
have minor effects on the mainstem however it has been speculated that
this source may be transported downBay to the Patuxent where an already
stressed system may be further degraded In this framework mathematical
models should be recognized as essential tools in any monitoring plan

An extension of the approaches described in Section 3 can be integrated
into the sourcetransportfate and effects framework Attachment F is an
example of a study design that is parallel to the regulatory framework
described above

Point Source
monitoringThe

Chesapeake Bay Program is recommending that biological and chemical
analysis of effluents from industrial and municipal dischargers be
collected and stored in a permanent data base The CBPs computerized
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procedure for rapid instream Identification of wastewater effluents
should be used to evaluate the quantity and nature of toxicants beingdischarged from point sources and accumulating in the bottom sedimentsThis fingerprinting methodology is described in Appendix D an example ofa chromatograph or fingerprint is shown in Figure 3 Appendix D Inthose areas where biological communities become endangered or stressedfingerprints of sediments can be compared to fingerprints of point source
effluents to locate and reduce that particular toxicant

In addition a biomonitoring protocol is recommended to be adopted bythe states as part of the NPDES permitting program to ensure that
wastewater discharges are not hazardous to biota This biomonitoring
program can be modeled after the Monsanto protocol developed by the CBP
Wilson et al 1982Appendix D The methods organisms and data
analysis can be adapted by the states to address their mutual needs and
concerns However it should be uniformly done by the states in conjunctionwith EPA approved methods US EPA 1982 The options and recommendationsfor biological and chemical tests shown in Table 16 Appendix 0 of Wilsonet al 1982 should be considered

Nonpoint Source

MonitoringResearchmonitoring programs and control strategies to reduce urban
runoff should be continued and strengthened by the localities which are
most directly affected For example the Baltimore Regional PlanningCouncil recommends vigorous implementation of 208 plans which identify
urban management strategies to protect water quality in those areas where
urban runoff controls provide the most effective results

AN ANALYTICAL FRAMEWORK

Monitoring programs are designed to meet one or more of the following
objectives

o detection of environmental change

_ assessment of regulatory compliance

o provision of a framework for design and conduct of research on
causes and effects

o predictive assessment

o determination of management action effectiveness and

o provision of a reference pattern

These elements represent an ordered series for understanding the BayEach element has different information requirements sampling design and
analytical approaches They all are important and necessary for a
comprehensive master monitoring plan for the Bay These elements or
objectives can be recast into three primary analytical levels each havingmanagerial flexibility by permitting varying levels of activity This
hierarchical structure basically reflects one of confidence and power in
the nature of the information An increased cost may be associated with
higher levels but this is not necessarily true because even extensive
baseline or zeroorder predictive efforts can be expensive Each objective
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is described below followed by a restructuring into the three primary
analytical levels

Environmental Change Detection

Assuming that meaningful baseline variables have been selected the
data can be used to determine whether or not a change has occurred in that

variable over a period of time This objective can form the primary means
for providing a screen or flag for potential environmental problems

Compliance Monitoring

This is conceptually a simple problem It requires the detection of
change from ambient conditions which are established through a defined
set of regulatory standards In practice this objective may not be simple
to execute because the physical dimensions of the problem range from

sitespecific to regional

Determination of Causality and Prediction in an Ecosystem Context

As is well known cause and effect determination is usually difficult
to make especially in complex systems such as Chesapeake Bay The
establishment of the causes of specific changes is a key element in the

resource decisionmaking process Though resource managers are frequently
unable to wait for a strong case of causality to be made they feel a sense
of increased confidence in decisionmaking when a decision is supported by
a reasonable causal explanation However causal explanations require
careful attention to detail often involving statistical hypothesis
testing field and laboratory experiments and conceptual and mathematical
modeling with varying levels of complexity This process will lead to

improving predictive capabilities

Determination of Management Action Effectiveness and Predictive Accuracy

Monitoring to determine whether management actions have been effective
and predictions accurate is important in that it either reinforces

predictions and management actions or it forces a reevaluation of them and
the search for alternative solutions If it is found that our predictions
and management actions are not effective we may be forced back into the

hypothesis testing mode

ELEMENTS OF THE MASTER MONITORING PLAN

To achieve managerial flexibility the following plan is structured in
an hierarchical manner each expressed as a goal Level III is intended to

provide a greater confidence than the preceeding levels with regard to

explaining the meaning of the data

Level I Descriptiveto allow the monitor to describe statistically
changes in the parameters measured over time and make trend

assessments

Level II Analyticalto allow the monitor to test for meaningful
correlations among several of the parameters measured over
time with defined statistical significance
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Level IIIInterpretiveto allow the monitor analysts
and scientists to determine cause and effect relationships
among several of the parameters measured over time and to
understand and predict interactions among ecosystem
components and the probable effects of changes with
statistical characterization

Baseline data development levels I and II will be largely
descriptive thus it sets the limits within which initial hypotheses areformed Baseline monitoring has and can continue to help describe the
spatial and temporal variability associated with the measurement of
environmental parameters It also serves as part of a longterm
environmental screening technique that detects change in situations where
an hypothesis has not yet been formulated

When it is discovered through baseline monitoring that a problem
exists the next step in the plan is to develop an analysis of all relevantdata Then one can formulate an hypothesis followed by a statement of
rationale and test of the hypothesis This approach is based on the
conviction that an hypothesis framework is the most explicit form of
coupling between scientific knowledge and our ability to detect important
changes in the Bay As an analytical framework it directs our thinking todeal with uncertainty The suggested approach can be viewed as a road
map that assists in organizing information so that answers to questionswill be matched

Finally an hypothesis framework does something else that is critical
It forces those responsible for implementation of the plan to periodicallymake assessments as to the weight of the evidence for accepting or
continuing to reject the hypothesis The most useful hypotheses will be
coupled in a way that provides insights into the conceptual model that
addresses the source of a problem material its transport and fate and its
ultimate effects This approach will help define the relative influence ofhuman intervention on processes that have a characteristic natural
variability

The following plan presents activities for the baseline and trend
assessment goal level I Coverage includes the monitoring of sources of
materials both at their origin in transport media eg fall line and
atmospheric precipitation and in the tidal Bay system Effectsare
included for several levels of chemical and biological organization Thislevel of activity will be followed by levels II and III respectively

LEVEL I GOAL Describe Baseline and Measure Trends

Objective To characterize the spatial and temporal pattern of living
resources and environmental variables so that a meaningful
baseline is developed and applied over time for the Bay
system

Rationale Baseline monitoring is largely a zeroorder activity ielittle or no immediate predictive value This is so because
baseline monitoring focuses on pointintime measurements of
ambient conditions It typically does not address questions
of ecological function or processes Because complex
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ecosystems such as Chesapeake Bay probably have multiple
steady states in terms of biological outputs May 1977 it
is not surprising that baseline monitoring has limited
capabilities However such recognition is not intended to
denigrate baseline monitoring but place it in perspective and
ensure that practitioners of such activities have realistic
expectations

LEVEL II GOAL Develop Analytically Significant Sets of Correlations
With Defined Statistical Significance

Objective To develop a series of relationships that can be tested as
hypotheses that focus on important questions regarding the
Bays living resources and environmental variables

Rationale Many interesting and ecologically plausible relationships are
known to exist between environmental variables and living
resources Discovery of these relationships often results
from experience and knowledge about how variables are related
through common patterns A grouping of common patterns can
be formulated into a conceptual framework or model The
conceptual model is a tool that is used to track the behavior
of various interactions expressed either as a bivariate or
multivariate set of interactions

In an attempt to increase the generality of the observed
relationships that is does one factor change predictably in
relation to one or more factors it is desirable to test the
nature of the relationship under a range of circumstances
If generality can be combined with realism and
predictability then a good understanding of how some aspectof the Bay ecosystem functions has been developed This is
the basis of understanding causeandeffect relationships and
leads naturally to level III

In an ecosystem in general and especially one as complex as
Chesapeake Bay one might expect to find many relationships
among variables that vary in their intensity Many
relationships often are poorly correlated but may reflect
meaningful interactions Statistical hypothesis testing is
an important technique that brings a high level of

objectivity in deciding whether a particular relationship
occurs simply as a matter of chance However statistics are
a tool not a substitute for clear reasoning and accurate
framing of ecological relationships

LEVEL III COAL Develop and Interpret Predictive Models based on
CauseandEffect Relationships

Objective To analytically allocate causeandeffect among the various
parameters and interactions many of which were previously

described as level II examples that constitute the critical
elements of the Chesapeake Bay ecosystem and to develop
predictive models that incorporate causeandeffect of

multiple parameter interactions



Rationale Because Chesapeake Bay is an ecosystem which has biological

chemical physical and geological components ft must be

understood and managed as a system and not necessarily as the

sum of its components US EPA 1982a

This section builds upon the current scientific knowledge concerning

causeandeffect relationships from an ecological perspective Emphasis
will be placed on models that are composed of coupled processes At this

stage in the Bays management and scientific support it is possible to

consider an exceedingly large number of options on what would be modeled

and approaches that might be fruitful The need for predictive models that

are costeffective is great Many processes are still poorly understood

and are more appropriately viewed within a research development context

eg a suspended sediment transport model which has important

implications for assessment of toxic chemical exposure to organisms food

webs and people An example is work done on modeling the transport of

Kepone in the James River estuary Nichols and Cutshall 1979

in light of what has been shown to be directly useful there are

several largescale models that warrant further application Others

require improvement An example of a useful model that has direct

application is the nonpoint source model adapted to the Chesapeake Bay

drainage basin for the Chesapeake Bay Program A model that requires

further development is the CBP model that predicts levels of dissolved

oxygen based on coupling transport and mixing processesphotosyntheticnutrient
processes and decomposition processes Under varying stages of

research and development are fisheries models which include statistical and

deterministic functions

There are a number of models that focus on ecosystem processes that

have relevance to management questions but do not predict specific outputs

in terms of a particular fishery Many of these models have been developed

for areas other than Chesapeake Bay but may be transferred to the Bay after

additional research calibration and verification steps are undertaken

Examples of such efforts include a phytoplankton model of Saginaw Bay Lake

Huron Bierman et al 1980 a simulation model for coastal zoobenthic

ecosystems Albanese 1979 a coastal marine ecosystem model of

Narragansett Bay Kremer and Nixon 1978 a carbon flow model of a Georgia

saltmarsh ecosystem Dame 1979 and the general ecosystem model of the

Bristol Channel and Severn Estuary England GEMBASERadford and Joint

1980 The purpose here is not to give a review which is probably

impossible in limited space but to suggest that progress is being made

Platt et al 1981 and future management concerns for the Chesapeake Bay

system can benefit from formal modeling efforts A key point that

sometimes is overlooked is that models whatever their complexity and

stated objectives are nothing but tools and can have direct management

application for the Bay

MONITORING RESEARCH AND MANAGEMENT

It is true that in the strict definitions of the words monitoring and

research they are two distinctly different subjects However in order

to ensure that responsible management decisions are made these two

subjects must not be separated To solve the problems identified in the

Bay managers and researchers need to work together toward a common goal
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Figure 6 illustrates how monitoring research and management are

intertwined First a coordinated effort is made to collect baseline data

levels I and II which gives us the capability to detect changes in the

parameters sampled Through statistical analysis it is determined that a

problem exists It is then that the questionasking process and the

formulation of hypotheses begins At this point it is clear that a

cooperative effort between monitoring and research needs to take place
This is a level III effort and it involves not only parameter sampling but

also an experimental design field and lab research and statistical

analysis This level III effort is commonly known as a special study At
times these special studies are handled by the state government through an

inhouse effort At other times they may be contracted out to one of the

research institutions in the area In many cases research institutions

will incorporate the problem into their efforts

Theoretically when the special study level III is completed a better

understanding of the causal relationships should exist This information
is passed on to the manager who will then take some kind of action to

alleviate the problem The monitoring effort will then drop back to level
I or II which has been ongoing However now two additional objectives
come in to play If the manager proposes some new regulations a

monitoring effort will have to be carried out to make sure that those

regulations are being observed In addition the special study area will
need to be monitored to determine whether or not the management action has

produced the desired effect and predictions were accurate If not the

process will go back to the level III position

What is being proposed in this document is not a new concept since

monitoring and research have been going on for years or decades for some

problems The key issue here is to better coordinate these activities and
to make sure that monitoring is done with specific objectives in mind
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SECTION 3

THE PLAN

The Baywide monitoring strategy presented here has two major
components baseline monitoring which represents level I and level IIefforts for some water quality parameters and a level II effort for the
living resources monitoring and the special studies that have been defined
by the baseline monitoring

BASELINE MONITORING

Baseline monitoring is tt backbone for building a mechanism which will
lead toward understanding the Bay ecosystem Its importance in this lightshould not be underestimated The baseline plan consists of monitoring
water quality Attachment 6 Figure 61 sediment quality and living
resources

In formulating this proposal several points were kept in mind

1 Baseline data should give good timeseries information concerning
the problem areas defined by the characterization process

2 Stations that have been sampledconsistently for many years should
be kept where possible to maintain the historical data base

3 Coordination between state agencies and state and Federal
agencies in their sampling programs will make sampling more
efficient and may reduce total costs

4 Stations should be placed not only in areas where known problems
exist but also in areas that in the past have been considered
pristine

5 Water quality stations and living resource stations should be
coordinated where possible

6 Some consideration should be given to circulation processes in the
Bay and how they will effect data collection

7 Geographical coverage should be balanced against comprehensive
temporal coverage

8 Stations should be placed in areas which have particular or
special biological importance such as in the major striped bass
spawning grounds

9 Funding constraints need to be considered

10 Monitoring programs should have builtin flexibility



Water Quality Monitoring

This document presents one ambitious proposal for water quality
baseline monitoring Attachment 6 Figure 61 Table 61 This was
formulated after close assessment of the present state and Federal
monitoring programs Attachment 3 Where there were overlaps stations
were combined Where there were gaps stations were added In many areas
this process meant an actual reduction in the number of stations over what
is presently being done It is highly possible that the water quality planhas more or less stations than will be needed A further reduction or
addition of stations can only be accomplished after this plan has been
statistically analyzed following several years of data collection Most of
the fall line stations Attachment 6 triangles on Figure 61 are
presently occupied by the US Geological Survey and it is recommended that
these staions be continued see Attachment 3 section B for a description of

USGS stations and that similar observations be added for the Chester
Nanticoke and other tributaries on a calibration basis In addition the
two NOAA current and circulation stations located off the Patuxent River
and at the mouth of the Chesapeake Bay should be maintained These
stations are continuous monitors that give constant readings of current
speed and direction depth conductivity temperature and pressure These
baseline stations Figure 61 are for the most part concerned with water
quality parameters however many of them were selected to be at the same
site where living resources are sampled such as oyster spat and juvenile
finfish

Living Resources Monitoring

Many water chemical variables characterize the requirements for growth
and survival of aquatic organisms In recent years the role of physical
variables has been emphasized as limiting biotic populations or at least
setting a boundary in an ecosystem within which biotic elements interact
Traditionally temperature and salinity have been known to exert important
effects at the physiological level More recently the role of climate and
its interaction with the circulation of marine and estuarine water is now
acknowledged to play an important role in the distribution and abundance of

many populations both directly and through processes such as upwelling
and mixing of waters of different characteristics

These considerations suggest that our ability to understand the

raltionship between environmental variables including water quality and
the biological components of a water body will necessarily involve
processes and rates in a dynamic sense as compared to pointintime
ambient measurements This is a fundamental premise which forms the

underpinning of all monitoring schemes

Specific recommendations for oyster spat set juvenile finfish
submerged aquatic vegetation SAV and phytoplankton are outlined in
Attachment 4 A description of SAV monitoring in the upper Chesapeake Bay
and recommendations for future monitoring is included in Attachment 8 The
most important change that should be considered for living resources
monitoring is that sampling should be stepped up to a level II phase That

is concurrent water quality sampling should be done as outlined in the
baseline approach Attachment 6



SPECIAL STUDIES

A strong program of baseline monitoring should keep Bay managers and
scientists aware of how the Bay is doing and whether or not any changes are
taking place in its water quality or living resources When a problem hasbeen identified and the cause is uncertain a special study hypothesis
framing and testing may have to be conducted This level Ill monitoringwill probably be sitespecific and will require an experimental design and
statistical analysis These special studies are actually research projects
that are superimposed on the central baseline monitoring program

Examples of special studies that are presently being conducted are1 the intensive monitoring of the Potomac River tributaries around the
District of Columbia Figure 3e13 2 the Power Plant Siting Studies
Figures 3e14 to 3e16 and 3 the James River 3epone Study Figures3e5 and 3e10 These studies and others like them are vital to the
continued efforts to understand the changes taking place in the Bay and its
tributaries

An Approach to a Major Bay Problem

The EPAs Chesapeake Bay Program has developed evidence that a pool of
lethal low oxygen water covering twenty percent of the Bay bottom between
the Patapsco River and Tangier island is some fifteen times larger today
than in the early 1950s It is believed that the Bays characteristic of

recycling nutrients and anthropogenically increasing nutrient loading
principally from nonpoint sources are major factors contributing to the low
oxygen problem Evidence suggests that the low oxygen condition is
impacting bottomdwelling animals oysters crabs soft clams etc and
bottomfeeding fishes flounder croacker spot striped bass etc

Strategies designed to monitor the relationship of ambient nutrient to
ambient oxygen and the impact of low oxygen on biota must take into
consideration 1 nutrient loading from point and nonpoint sources 2 how
these nutrients are routed through the Bay system 3 the nutrient balance
of the Bay 4 the relationship of nutrient enrichment to low oxygen 5
diurnal seasonal and annual behavior of nutrients and oxygen on a
vertical and horizontal scale in the Bay and 6 the relationship of low
oxygen to the occurrence of ecologically and economically important Baybiota A suggestion for a detailed monitoring and research strategy to
follow the nutrients to oxygen to oyster relationship is described in
Attachment 7

DATA MANAGEMENT PLAN

Data management is the process by which field measurements are
recorded transcribed entered into the computer quality checked
organized into a unified data base and maintained in a secure accurateand efficient manner for subsequent retrieval and analysis Data
management encompasses the process that begins with the entry of field data
onto data forms and ends with the archival of final data bases on some typeof computer readable medium Because the monitoring program described
above will be a longterm effort carried out over several years data

management is critical and will be a continuing process with new
information added to the data base on a regular basis



Effective data management should be an essential part of the monitoring

program It will permit access to the data by a broad community of users

including research organizations Federal and state agencies and citizen

groups Because data collected by many agencies using differing sampling

methodologies will be integrated into an internally consistent quality

assured and documented data base agencies other than those collecting the

data will be able to utilize them in a costeffective manner Ultimately

as the various data collection agencies gain confidence in the scientific

validity of the monitoring program and their ability to utilize other

agencies data redundant field efforts will be eliminated Additional

advantages of a Baywide data management program are discussed by Lynch

1983

The data management plan for monitoring should include detailed

procedures for quality assurance which should be applied consistently to

all field studies These procedures include the design of legible field

sheets rechecking of all handwritten data accurate data verification

procedures error checking of all data sets for internal consistency

accurate data editing procedures and complete dataset documentation No

data set should be entered into the final data base until it has been

subjected to these procedures To ensure that the quality of data from all

studies is adequate a quality assurance manual should be developed and

used by all data collection agencies participating in the monitoring

program

To ensure data integrity and security the data management plan should

include adequate procedures for data storage computer file backup and for

controlling data base access This will require computer hardware

software and standard operating procedures designed specifically

for the organizations that will be utilizing the data base Because the

monitoring program will include users with widely varying data processing

and data management backgrounds a professional data management staff

should be established to develop and implement these procedures

In addition to the establishment of a data management staff the

continued usefulness of the data base depends upon the commitment of the

various research institutions and government agencies to participate in the

monitoring program and data management plan This commitment Includes the

prompt submission of field data and carrying out of the already mentioned

quality assurance procedures

Note At the present time EPA is in the beginning stages of

implementing a data management plan as outlined above

RECOMMENDATIONS

This document presents the rationale behind the development of a

Baywide monitoring strategy and presents some specific monitoring

activities However this is only the beginning phase in this process
Before any plan can be instituted there are several items which need to be

considered First the managers who direct the present monitoring programs
need to be brought together to discuss how the new strategy affects what

they are presently doing and how to implement the new strategy At this

time the cost and effectiveness of the plan should be discussed The

possibility of cost sharing between the state and Federal governments in

monitoring the main stem of the Bay should be given consideration



A series of workshops should be planned where scientists and managers

can be informed about and discuss items such as new advances in monitoring

technology and the feasibility of standardizing methods where possible

Further consideration should be given to establishing a minimum core

network of stations that focus on timeseries analysis and automated

sampling of key variables Another series of workshops concerning the

Baywide data management plan is essential

It is further recommended that monitoring be considered when the

Baywide institutional mechanisms are established so that some type of

mechanism is devoted to the implementation of the Baywide monitoring

strategy A technical advisory committee should oversee the implementation

of the strategy and help ensure that the collected data gets into the

Baywide data management system In addition there should be a quality

assurance officer to oversee the implementation of the CbP quality

assurance plan and to assure that only data of suitable quality be included

in the data base

The monitoring proposals presented in this document are meant to be

straw men that is they can be improved upon as additional effort is put

into the implementation of a Baywide strategy These strategies were

formulated through a joint effort between representatives from the States

of Maryland Virginia and Pennsylvania and from EPA In addition they

were reviewed by scientists and managers from the Bay area It is

recommended that this process be continued for the further refinement of

the proposals
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ATTACHMENT I

MAJOR PROBLEMS WITH PAST AND PRESENT MONITORING
EFFORTS AND DATA COLLECTION

SPATIAL COVERAGE

There was a lack of consistent data collection in large areas of the

Bay including

1 the lower Bay especially CB678

2 eastern embayments eg Tangier Sound Pocomoke Eastern Bay
Lower Choptank

3 smaller tributaries especially those on eastern shore anu

4 a lack of information for the main Bay that was not taken in the

main channel along the CBI longitudinal transect There is a need

for lateral transects this is more critical in months when low Do

is expected

A lack of information exists from areas which are biologically

importantor changing Examples include

1 The juvenile index taken in the upper Bay Potomac Choptank and

Nanticoke However water quality information from CBl as well

as Choptank and especially the Nanticoke are very scattered

2 MD SAV sampling from many smaller tributaries also in shallow

water 4 2 m is scarce Virtually no water quality data exists

from some areas showing major changes eg Little Choptank
Nanokin Honga Annamessex etc

3 Spat setsimilar problem as described above

There is a lack of surface to bottom values for many parameters

expected to change with depth especially in stratified portions of

estuary including salinity temperature DO flow rates and certain

nutrients

TEMPORAL COVERAGE

Seasonal coverage is highly biased for spring and summer this may
reflect more the productivity studies part of the data base as current

state monitoring is yearround

There is a lack of diurnal data for parameters which could be expected
to change over a 24hour cyclemost importantly dissolved oxygen

There is a lack of water quality data from the same time that important

biological variables are being sampledthis is the resource water

quality variable coupling need

F11



iost i1111rirLoioLl a lack of consistent coveragj2 has hampered timeseries
n i J scs ScAiiu rifa1lous are or were sampled sporadically Missing

yar sesoils or months in the data base for various parameters and areas
has been a particular problem This gets back to the question of improving
1Lipc>ral vurage possibly by reducing the number of stations

them j a need for intensive shorttern same ink of some variables

may need to be Continuous or very frequent fur such parameters as

liLht 1SS turbidity and chlorophyll a A possibility might be a series
of to 3 day cootiiiuous 5Latioli5 spaced throughout the year at

plccs that need special attention This could be coupled with
siuiiEitaneoil s i nteinsive biological moll itorir1g

PAIRAii u1S MEASURED

Again consistency is needed in the selecLion of parameters Lu be

measured The CBP was hampered by some studies measuring only inorganic
nutrients others only part of a suite of organics etc and so on The

CEP found TN and TP to be the best indicators of change but many very
carefully done studies eg CRIMP did not measure these A core set

of parameters should be selected that will be measured each time
There is a need for either consi sLency of methodology e g EPA APHHA

Standard Methods biological recommendations such as those for

phytoplanlton contained in the Handbook of Mycological Methods or some

way of comparison Winkler LiLration or an oxygen electrode type meter
tliat is resistant to 12S poisoning should be used where anoxic waters are
expected

Variablas should he measured using methodologies sensitive enough to

identify expected ambient concentrations This is particularly true of any
tocicant monitoring here one should be able to at leasL determine if EPA
water quality criteria have been exceeded ie level of detection should
be less than the acute value at least If appropriate sensitivity is not

attainable alternate strategies such as examination of animal tissue for

bioaccumulation may be recommended
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gical and hydrographic regimes Spat collectors spaced at
intervals over the average range of salinities from 5 to 20
ppt compare spat set success at equal salinity exposures in
each tributary If salinity is the controlling factor spatset success should be statistically the same in equivalent
salinity segments in each of the eastern and western
tributaries If other factors are controlling spat set maynot be the same in equivalent salinity segments

Verification of these field studies by laboratory spatset
studies using the same salinity exposures is desirable

Hypothesis Variation in spat set recruitment is due primarily to2 variations in sedimentation rates and reduction in settlingsubstrate

Rationale Galtsoff 1964 and others have shown that oyster larvae
preferentially set on clean hard substrate usually oyster
shell Substrate laden with sediment or fouling organisms
prohibits successful setting indeed shellplanting for
oyster production enhancement is desirably timed to coincide
with the peak larval swarm to avoid sedimentation and foulingof the substrate

Biggs 1981 has shown that peak runnoff generated flows in
the tributaries of the Chesapeake are on the order of 30
percent higher than before deforestation This rapid runoff
of the estuary undoubtedly increases the suspended solids
loads and pushes the turbidity maximum further downstream

In addition Ulanowicz at al 1980 have shown that success
in spat set is negatively correlated with the previous yearsharvest which contributes to the removal of substrate

Answers from Removal of substrate by harvest has lowered the profile ofCharacter many oyster bars that is they are closer to the sediment
ization surface Marshall 1954 This makes them more vulnerable to

sedimentation As discussed in Chapter 1 sediment transport
and deposition into Chesapeake Bay has increased dramatically
in the last 150 years Existence of extensive buried oyster
beds where substrates are now unsuitable is an indication of
sedimentation effects Alford 1968 Sediment also affects
recruitment a few mm of sediment on shell may prevent
setting of spat Caltstoff 1964 However there are
insufficient data on sediment distribution and loading in the
water column to allow for a statistical analysis of this
perceived problem

Approach Select test estuaries that have comparable spawning
populations geomorphological hydrographic and water
quality regimes but that differ in suspended sediment load
Using spat collectors compare spat set success at equal
salinity exposures but with different sediment loads in each
tributary
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Verification of these field studies by laboratory spat setstudies using the same sediment exposures is desirable

Hypothesis Variation in spat set recruitment is due primarily toJ3 variations in levels of toxic materials in oyster growingareas of Chesapeake Bay

Rationale Evidence from the US Environmental Protection AgencysChesapeake Bay Program Survival Envelope analysis indicates
that the tolerance levels of oyster eggs and larvae areexceeded in several locations by certain heavy metals andother toxic materials Although causeandeffect cannot beshown statistically there is cause for concern

Answers from Comparison of EPA water quality criteria to measured andCharacter estimated concentrations of toxicants in the water columnization reveal a number of instances where these criteria are
exceeded Chapter 2 Oyster larvae are relatively sensitiveto copper and mercury while adults are sensitive to cadmium
Kaumeyer and Setzler Hamilton 1982 Thus although direct
causeandeffect cannot be demonstrated occurrence of
relatively high levels of toxicants in the water column near
oyster beds would be cause for concern

Accumulation of heavy metals by oysters was described byAyling 1974 He found chromium and copper to be adsorbedto a weight proportional to and limited by the size of the
oyster and apparently independent of sediment concentration
Cadmium and zinc were accumulated in proportion to their
concentration in the sediment Lead was concentrated
randomly at sites containing high sediment lead
concentrations

Mean levels of cadmium copper and zinc in oyster tissues
from Chesapeake Bay were compared to the sediment
contamination factors Cf for each metal using the
Spearman rank correlation coefficient Levels of zinc in
shellfish tissue correlated at p OOl with zinc in bed
sediment in agreement with Aylings findings Copper levelsin oyster tissue were also positively correlated with
sediment concentrations p < OOl Tissue concentrationscould not be related to size of the organisms because tissue
analysis had been performed on composite samples of varioussized oysters No statistical relationship could be
demonstrated between cadmium in oysters and that in sediments
although levels of both tend to be low in Mobjack Bay the
Potomac and the upper main Bay

Approach Water samples would be collected from good and poor settingareas Salinities of one set of samples would be adjusted
uniformly to the highest field salinity by the addition of
artificial sea salts to the low salinities converselyanother set of samples would be adjusted to the lowest field
salinity by dilution of higher salinities with distilled
water All living material in these samples would be killed
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green algae Those were not usable by oysters for food so

the local oyster fishery declined precipitously It is

welldocumented that all algae are not equally suitable for

oyster food 4iu e 1963 1970 Eutrophication often results

in blooms of types LJi1Ci`3tL•d less desirable blue greens
nonmotile grin8 and dinrflugalltites yther and Officer

1981 Bluegreens are not generally a problem in saline

areas where oysters are found iloiever in softie coastal

regions blooms of certain dinollagellate species are the

cause of episodes of paralytic shellfish poisOlring PSP the

dinoflagellate blooms themselves have been related to

nutrient enriclunent of coastal wagers at least in some areas

Prakash 1975

In Chesapeake Bay there is relatively little data to provide
evidence that significant changes in pllytoplankton community

structure have Laken place in oystergrowing areas See
Chapter 2 Flemer et al 1983 Although blooms of

dinoflagellates occur frequently these are not species known

to be toxic or to cause PSP Mackiernan 1968 However



continued monitoring of phytoplannkton cotF•tini Rnd

comparison 1a historical data is recomniennccd

As With benthic organisms in general the st c•nf rE 3i

nutrient enrichment is probably through disaled y
Oyster larval growth ceases at 17 el L1 dissolvec€
and adult oysters close up when levels reach 07 ml L1 >>

less During this time they undergo ana•robic metabolisii
which is energetically costly In wane summer months
oysters can survive about five days in this •• mnner if

anaerobic conditions persist much longer €hcy 1sil i Ue
Kaumeyer and Setzlerhiamilton 1982 In many rcas of th

`ay oysters are restricted to depths less Lhait 10 E by Ic
oxygen Haven et al 1981 Increased mortalities of oysters
observed in recent years may be due to intrusion of hypoxi
water into shelf areas 1

1980 Landings of all commercial finfish and shellfish uece

compared to nutrient concentrations for the most recent year

of record A significant inverse relationship pf 001 ut
found between shellfish and mean annual tota nitrocesi t c
high nitrogen values were correlated with 1 ow Itarvest This

relationship was apparently mostly due to oysters 1
1
2

significant inverse relationship p4O05 existed between
1980 oyster harvest and total nitrogen 111 nakiaig this

comparison the Chester River was omitted due to

unexplained oyster mortality Such a relationship cct
due to low dissolved oxygen impacts food web •i•f t L t•

Approach Select test estuaries that have comparable

suspended sediment and hydrographic regimes but that

in ambient levels of nutrients Sample

suspended and dissolved organics 02 levels zit =triou

depths and suspended sediment loads during the growing
season summer Identify quantitative and quiit4t iVel

differences in the parameters measured and loss of growing
areadue to 02 depletion

Verify field studies in laboratory feeding and gzoith tnde
using simulated field conditions through controljd
environment mariculture techniques

Hypothesis Disease parasites and predators have more iufluuncc on5 distribution and abundance of oysters than does water quality
Rationale In many situations oysters are restricted from high salinity

areas due to predators starfish drills etc parasites

Buchephalus Polydora etc and diseases MSX l=erkinsus

marinus etc X•lemer et al 1983 in additio=t iidcitdnn

1980 indicates that a number of diseases pa r tsl r

ij

viral types are thought to express themselves after exposure
to pollutant stress Farley et al 1972

Personal communication Effects of Dissolved Oxygen on Oysters
G Krantz MD DNR 1982



Answers from

Characterization

Approach

Hypothesis

I
I 6

Rationale

Answers from

Characterization

Approach

It is well known that MSX and other high salinity
predators and diseases intrude further into the Bay during
droughts as in the late 1950s and early 1980s and have
reduced oyster production accordingly Synoptic data are
currently being gathered to allow a quantitative assessment
of the magnitude of the impact of disease

It will be important to continue routine condition assessment
and pathological examinations of oyster samples conducted in
the manner of the current Maryland Department of Natural
Resources oyster pathology survey based on an experimental
design that allows one to determine whether condition and
pathology are the result of pollution stress or are the

primary factors affecting distribution and abundance of
oysters

Abundance cycles of fish and shellfish in Chesapeake Bay and
its tributaries are strongly affected by fishing pressure
The literature is replete with examples of the effects of

overfishing on fishery stocks Cushing 1975 Flemer et al
1983

With the exception of a few carefully studied fisheries in
Chesapeake Bay eg the Atlantic menhaden it is extremelydifficult to predict that levels of overfishing and
fisheries landings catch cannot be related to species
abundance because the effects of fishing effort reporting
error and market demand are essentially unknown and cannot
be adjusted for using historically collected statistics
Although effort statistics are now typically being
collected the period of record is short

Use the recently implemented fishing effort reporting system
using catch per unit effort statistics that allows one to
separate the fishing mortality from both sports and
commercial fishing from natural mortality Standardize
refine and extend the Maryland and Virginia juvenile finfish
surveys and spat set surveys to allow for a reasonably
accurate prediction of natural mortality and success of
recruitment to the fishery In addition calibrate spat set
index and catch statistics with field sampling programs that
provide some indication of the usefulness and precision of
these parameters as measures of abundance

SECTION B

Questions and Hypothesis Involving Submerged Aquatic

Hypothesis
I

Vegetation SAV

There has been a continuous and progressive Baywide decline
in the abundance of SAV

Rationale

and answers
from

Characterization

Historically submerged aquatic vegetation has been abundant
throughout the estuary However a dramatic reduction in the
distribution and abundance of SAV has occurred since about
1965 This decline was first observed in the upper Bay and
fresher reaches of tributaries and has progressed



downestuary Submerged aquatic vegetation now occupies a

significantly more restricted habitat than previously As a

consequence its role in Bay ecosystem processes has also
been reduced and its ability to recover from its current
status is uncertain Flemer et al 1983

Specific Question What is the yeartoyear area extent of SAV coverage in
the Bay

Approach Aerial photography has been used in the past for this type of
survey eg Qrth and Moore 1982 However this method is

costly and timeconsuming It is suggested that the

possibility of remote sensing by satellite be seriously
investigated In additign1 computer comparison of

photographs can be done to delineate areas of nonoverlap
frorA one year to the nextthat is areas where a change in
the SAV beds has occurred Monitoring at wider intervals
thorn one year is possible hut the rate of change of some
beds has been so rapid that this may be too infrequent to
allow identification of trouble areas before irreparable
change has occurred Further analysis and monitoring
recommendations are provided in Attachment 8

Hypothesis There is a decline in diversity of SAV in Bay particularly2in the upper Bay

Rationale Beds of vegetation in fresher areas of the Bay were
and answers characteristically very diverse with up to 10 species
from represented During the past 15 years the distribution of
Character all species has declined some forms probably the most
igation sensitive have been virtually eliminated Remaining SAV

populations are primarily characteristic of thehighersalinityforms Relatively little SAV characteristic of
tidal fres€3 and oligphaline waters remain and these
populatiplzs are chiefly confined to small tributary creeks
and headwaters of some rivers Flemer et al 1983

Specific Question What are the major SAV species represented in selected
areas

Approach A 050statipn survey of SAV ha been conducted anppally by
Maryland Department of Natural Resources and the USFWS since
1971 Tills survey determines the percent of vegetated sites
fn ear€ survey area and Q€a species present A similar
field program Would be needed to monitor species composition
of SAV beds Fewer sites Baywide could be selected for

rangtem ajunitoripg This should include important physical
paraMeters as well as biological ones See following
question Areas $elected should be ones with representative
SAY beds ideally with some historical data for comparison
In additign a feW areas which once supported abundant SAV
but are currently denuded s€pyld be monitored Sites from
the EPAs C3 studies esg Seneca Creek PIumfort Island
and Vauclysg Shores should be among those monitored



Hypothesis

3

rationale

and answers
from

Characterization

Light limitation an SAV caused by increased water column
turbidity epibiota on SAV fronds or both is a major causeof the decline

EPits CBP sponsored research on SAV concludua that the
quantity of lighl reaching 51W has declined in recent yearsand that quality that is the amount in thephotosyntheticallyactive range has also declined This isbelieved due at least in part to increased phytoplanktonbiomass resulting from nutrient enrichment In additionnutrient enrichment has also been shown to lead to greaterfouling of SAV fronds with epibiota This can significantlyreduce the annoetnt of light reiclring tiro leaf surface

In situ studies indicate that Bay plant communities are
generally operating under conditions of light limitation
11fesocosm pond experiments found that nutrient loading leads
to increased phytoplankton biomass suspended particulateand epiphytes This markedly reduced SAV photosynthesisLoss of SAV occurred in ponds exposed to highest nutrient
Concentrations

Specific Question vial is the range of turbidity over SAV beds what is
the seasonal change in abundance of epibiota on SAV
Iiow can pit tosyuthesis growth and biomass of SAV bed
be related to these light attenuation factors

Approach Representative sites should be seluctud in different areas ofthe Bay witlr different major plant communities ie
Potamogeton ZosteraRuppia or Vallisneria dominated
T1re following parameters should be monitored lighttransmission or attenuation over SAV bed suspended sediment
over a tidal cycle water column chlorophyll a suspended
solids OC nutrients wet weight or dry weight epibiota perunit area or wiglzt SAV density of SAV biomass per unitarea shoot and root ideally measure of SAV photosynthesisor production should be taken

This monitoring needs to aid in the understanding of thediurnal cycle of light and suspended material over an SAV bedin different areas of the Bay under a variety of wind andwave conditions What is the range Also needed is an
understanding of the seasonal nutrient concentrations
chlorophyll a concentrations epibiota biomass SAV density
biomass and growth rate

Hypothesis

t
` 4

Rationale

and answers
from

Characterization

Increased amounts of herbicides are being carried in runoff
to Bay tributaries these can impact SAV communities if
concentrations reach critical levels

The use of agricultural herbicides has increased
significantly in the recent decade Atrazine and linuronthe two most common forms affect the photosynthetic
process Plants exposed to herbicides show a rapid reductionin photosynthesis followed in the case of low herbicide



ozc rs • a r orlss by r dereal recovery The higher Lhe

initial ciposur c the longer the recovery time Plants

a poscu t T 1r• pph atrazine tool two 1o five weeks to

regain a photosynthetic rate comparable to ControlS while

p3ant treated with 50 ppb atr ine and above did not recover

Field bsr a •atious rarely fouid herbicide concentrations

above i opb and never above v ppb in estuarine waters

Much higher leveis up to 100 ppb were observed in small

t ti hutaris adjaot nL to treated fields imeediately following

ralrts1 orrr event lie hicides degrade relatively rapidly ana

do not appear to build Up in Sediments tlowever relatively

3sL3e bout uicptl° of major degradation products

Because very 3ow concentrations of herbicides less than 10

pph are predicted to cause a reduction of 10 to 20 percent

in SAV photosynthesis and because herbicide use is

increasing these toxicants should continue to be monitored

This is particularly true in areas that are li6htlimited
and where plants are not photos7nrhe•sizing at maxianatn rates

SErrcifiC Ole ioil iiha ara ambient herbicide concentrations a1 selected

site• 1isat is the 30day range of the herbicide and

cegraadation product concentrations What is the

frequency of runoff events leading to herbicide

contanirraLion of nearfield waters

ipl roach

SECTION C

Continue to monitor herbicide concentrations at selected

areas where ef f ecLs are expected to be observed

Simultaneously SAV abundance biomass and growth should be

observed Consideration should be given to effects on young

plsnls tnrrticr= In s1rr3rry and seedling survival

Monitoring should be designed to give a picture of loner term

levels of herbicides over a 30day period for example

Frequency inLensity and duration of rainfall events and

timing of herbicide applications should also be measured

Questions and Hypotheses involving FreshwaterSpawning Finfish

Striped lass The striped bass will be used as an example for this

ir3rlaortanr group of fish

Hypothesis Striped bass eggs and larvae show a differential response to

l water quality variables associated with theirnaturalspawninghabitat

Rationale The CBPs environelreiital characterization reported numerous

and answers Limes where Cd levels exceeded the 96hour LC50 level for

from striped bass larvae and juveniles The widespread use of

character chlorine hiocide suggests that it too should be examined as a

ization potential hazard The Emergency Striped Bass Program

administered by the LS Fish and Wildlife Service and the

129



National Marine Fisheries Service has obtained evidence that
indicates synergistic effects of water quality factors
probably metals and possibly synthetic organic chemicals maybe responsible for chronic toxicities and behavioral changes
in the larvae2 Because the striped bass population has
declined to very near historic low levels in the Bay based
on landings data it is important to further assess the

relationship between water quality and survival of striped
bass larvae and juveniles

Approach

Hypothesis2
Rationale

and answers

from

Characterization

Approach

Striped bass preferably hatchery stock from a known Bay
genetic stock should be used in 96hr or longer bioassays
utilizing tidalfresh to brackish water from major spawningsites eg upper Bay Potomac Nanticoke Choptank James
York and Rappahannock It is important to include a number
of ecologically and biologically meaningful endpoints eg
death change in the activity of a physiological and
biochemical factor or behavior such as feeding and
pathologies Several significant effects may occur at 110
of LC50 after long periods it is important to run low
level longterm bioassays

Reference experiments should be made utilizing appropriate
uncontaminated water Control of experimental variance
should be a priority item Operational considerations may
involve one or more mobile trailer units and microcosms
should be considered Seasonal studies should be run eg
April June and September Water chemistry analyses should
consider metals and organic fingerprints These data
need to be taken from the water associated with the bioassay
work

Striped bass larvae and juveniles are limited by the quality
and quantity of zooplankton available as food
Striped bass larvae show a selectivity for larger zooplankton
and appear to have a threshold to begin first feeding
Kaumeyer and SetzlerHamilton 1982 Because zooplankton
are known to be variable in their distribution and abundance
it is suspected that the density and extent of the

ooplankton may be significant to the successful feeding and
survival of larvae and juveniles There is evidence that

zooplankton especially Eurytemora affinis an important food
of striped bass larvae feed on detritus in early spring
Heinle and Flemer 1975 Heinle et al 1976 suggested
that availability and timing of detrital food input may limit
production of zooplankton and ultimately striped bass

Several major tributary streams eg the Potomac upper
Bay Nanticoke and Rappahannock Rivers should be studied
Verificiation of types of food eaten by the striped bass

2Perspnal communication Behavioral changes in striped bass larvae
caused by toxic substances Paul Hehrle NOAANNFS 19$2



larvae should be made Corollary data such as indices of
Physiological state ie DNARNA ratios lipid ratios and
morphological condition including eye pigment anomalies and
vertebral column deformities should be measured and comparedto type and abundance of food in each estuary

An important distinction should be made in this assessmentbetween changes in standing stocks and turnover times Thelatter can be estimated most appropriately through laboratorystudies

Hypothesis

3
Rationale

and answers
from

Characterization

Approach

Hypothesis4

Rationale

and answers

from

Characterization

Approach

Spatial and temporal scales are very important in the
assessment of this problem Special consideration should be
given to the heterogenous distribution of zooplankton
Because the input of detrital material is likely associated
with river flow and winter temperature it is important to
have a complete time series of these variables Grazing by
zooplankton may prevent the development of welldefined
patches of phytoplankton thus synoptic sampling of
zooplankton and phytoplankton must be made for an adequate
test of the primary hypothesis

Climatic variables correlate significantly with the abundanceof striped bass juvenile success and landings
The following references explain the statistical
relationships between climate and juvenile success and
landings Mihursky et al 1981 Flemer et al 1983
Ulanowicz et al 1982

Further monitoring of the climatic variables with reference
to striped bass juveniles is important to the possible
identification of causative relationships rfuch of the
required physical data would be collected under the baseline
effort Information on the effects of wind in the upper Baymay be important on C and U canal circulation because there
is a possibility of net transport of larvae and juvenilestoward Delaware Bay

Striped bass may be limited in available habitat by the
encroachment of the anoxic layer or low dissolved oxygenlevels in the deep channel and lower shelf of the Bay

In reservoirs cool water is found only at depth in summerthese layers are also often oxygen depleted There is
evidence that striped bass in such reservoirs seek the coolerwater and consequently become stressed by low DO levels
Coutant 1980 The potential for a similar problem mayexist in the Bay Flemer et al 1982 However data on
striped bass distribution in the Bay relative to low DO
levels is undocumented

The magnitude geographical extent and duration of theanoxic layer including levels less than 4 mg L1 of
dissolved oxygen should be monitored from March through

F211
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V`Cy liltiCUlt bUL iiflllortacit esLiicit• is

data oLI the vertical distribution or sLripcd Uas 1 it
s

y

some remote sensing through Sonic Lagging

Striped bass numbers may be limited t ouph t n b

abundant bluefish

I L is iniportaiaL Lo understand ihes

h ll1Se the Six of the striped bass populIt n be

controlled by a waLerquality facLOr that is 1iIL

their population recovery may nut occur it the predatorpcey
balance is changed SkuI 1982

Survey the impact of bluefish as predators directly on

Stripcd bass and indirectly on the food of siriped bass
Correlations over Line with the abundance of bluefish and

striped bass should provide evidence to testOltStriped
bass stocks are strongly affected by fishing

pressure

An understanding of this relationship i s gaa

effective management of striped bass stock Fishery

biologists have long recognized the uncertainty associated
with making inferences about stock size based on landings
data Such data may not accurately characterize even where
the fish are caught

Improvement in data on catch per unit effort is a useful and

costeffective first step Landings data adjusted for catch

per unit effort should correlate better with the Juvenile
index Consideration must be given to commercial and

recreational fishing



AT T AC ltliENI 3

SU 4INIARY OF PRESENT MONITORING ACTIVITIES

AGENCIES AND INSTITUTIONS

The following is a list of all the state and Federal agencies
research and educational institutions included in this attachment

SECTION A

STATE MONITORING

1 State of Maryland Table 3a1

a Maryland Department of Natural Resources DNR

1 Tidewater Administration TA
2 Power Plant Siting Program PPSP

b Maryland Department of Health and funtal Hygiene

1 Office of Environmental Programs OFP
2 Water Resource AdnmfnistraLion 31

2 State of Virginia Table 3a2

a State Water Control Board S WC13

h State Health Department SID
1 Bureau of Shellfish Sanitation BSS

c Hampton Roads Sanitation District IIRSD

SECTION B

FEDERAL AGENCIESTablc 3b 1

and

1 National Oceanographic and Atmospheric Administration NOAA
2 United States Geologic Survey USGS
3 United States Fish and Wildlife Service IISFWS

SECTION C

DISTRICT OF COLUMBIA Table 3c 1
SECT ION D

OTHER STUDIES Table 3d1

1 Chesapeake Bay Institute John Hopkins University CBI
2 Virginia Institute of Marine Science VINS
3 Anne Arundel Community College AACC
4 Chesapeake Biological Laboratory University of Maryland CBL5 Horn Point Environmental Laboratories HPEL



6 Old Dominion University Virginia ODU7 MartinPiarietta Corporation NNC8 Smithsonian Institute Rhode River RR9 Academy of Natural Sciences Philadelphia ANSP10 Baltimore Gas and Electric BCE11 Potomac Electric Power Company PEPCO
12 Energy Research and Development Administration ERDA now DOE
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Parameters from US Fish and Wildlife Service for Table 3h1

Species average weight average length lipids moisture DDE DDD
DDT Aroclors Toxaphene Dieldrin Aidrin Endrin of BEIC BCB
Iieptachior Heptachlorepoxide Cischlordane Transchlordane
Cisnonachior Tra nsnonachior Lindane Dacthal oxychlordane total DIi
Aldrindieldrin Total PCB HeptachlorHeptachlor epoxide

Parameters from USGS for Table 3b1

Physical
ParametersStreamflowspecific conductance pH air temp water temperature

turbidity DO

inorganic
ParametersHardnessnoncarbonate hardness diss Ca diss Mg diss Na Na Na

adsorption ratio diss K disc K40 alkalinity diss SO4 dissCIdiss F diss Si solids residue at 180 °C sum of disc solids
constituents diss solids tonsday and tonsacft solids residue at 105
°C total nitrate disc nitrate as N diss nitrate as NO3 total
nitrite diss nitrite as N diss nitrite as NO2 diss N02 + N03 asN total ammonia as NH4 total organic N as N dirs organic N as N
total ammonia + organic N as N total ammonia + organic suspended N as Nammonia + organic dissolved N as N total N as N diss N as N total N as
NO3 total P total phosphate as P04 total phosphorus as P04
dissolved P as P total orthophosphorus as P diss orthophosphorus as P
diss orthophosphate as P04 and the total recoverable suspended
recoverable and diss cones of Al As Ba Cd Cr Co Cu Fe Pb Mn
fig Ni Se Ag and 2n total C total organic C diss organic C total
inorganic C diss organic C

Organic
ParametersVolatile

organics PCE Aldrin Ametryne Atratone Atrazine
Chlordane Cyprazine Cyprazine DDD DDE DDT Dieldrin Endosulfan
Endrin Heptachior IHeptachlorepoxide Lindane Methoxychlor Mirex
Napthalenes polyclor Perthane Prometone Prometryne Propazine
Simazine Simetone Simetryne toxaphene 24D 24DP 245T Silvex

Biological
ParametersTotal

phytoplankton chlorophyll a chlorophyll b sus sed sus sed
discharge tons day and Z susp sed of sieve diameter 062 mm Fecal
coliform and fecal streptococcus

Radioactive
ParametersTotalsus gross alpha diss gross alpha total susp alpha total

sus gross beta diss gross beta radium226 diss radon method diss
uranium extraction
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SECTION D

OTHER STUDIES

In addition to the longer term monitoring of Bay conditions by Federal
and state agencies there are supplemental studies by independent and
public research institutions which are mostly funded by Federal and state
monies

In Maryland the Center for Environmental and Estuarine Studies CEES
conducts research through four University of Maryland laboratories three
of them located on Bay waters Chesapeake Biological Laboratory Solomons
MD Horn Point Environmental Laboratories Cambridge MD Crisfield
Laboratories Crisfield MD Also located in Maryland is the Chesapeake
Bay Institute of the Johns Hopkins University which has conducted
extensive research throughout the Bay since the 1950s Anne Arundel
Community College is conducting monitoring in the main Bay near Annapolis

The Smithsonian Institution has conducted research through the

Chesapeake Bay Center for Estuarine Studies at Edgewater Maryland for over
ten years mostly around the Rhode River and Poplar Islands
MartinMarietta Corporations Environmental Center in Catonsville Marylandhas conducted benthic studies for the Maryland Department of Natural
Resources since 1980

In Virginia the Virginia Institute of Marine Science VIMS has
conducted extensive monitoring and research for the State Water Control
Board Old Dominion University of Norfolk has established a broad research
and monitoring program in the lower Chesapeake Bay the Elizabeth and James
Rivers and at near shore oceanic stations

Some of the ongoing projects of these agencies are briefly described
in the following table In most cases final reports have not been
submitted therefore complete information is tentative Pertinent
unpublished information is undoubtedly available through many agencies or
individuals not listed such as Bob Corey USGS retired who has
maintained a sampling station in the Rhode River for over 10 years or St
Marys College of Maryland which conducts sampling through estuarine
coursework and independent research studies
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Parameters measured from Old Dominion University for Table 3d1

a Water quality surface and bottom measurements samples salinity
temperature dissolved oxygen turbidity pit suspended solids and
volatile residue chemical oxygen demand COD chlorophyll abc and
phaeophytin a Nl13 N02 TKN Pal+ total phosphorus TP metals
Cd Co Cr Cu Fe Mn Ni Pb Zn chlorinated hydrocarbons a•BEIC
Aldrin Lindane Heptachlor epoxide Dieldrin DDE DDD DDT Endrin
Kepone PCBs and aromatic hydrocarbons PNAs

b Toxinbioaccumulation metals Cd Cr Cu Hg Ni Zn Pb
chlorinated hydrocarbons c BIiC Aldrin Lindane Heptachlor epoxide
Dieldrin DDE DDD DDT Endrin Kepone PCBs aromatic hydrocarbons
PNAs Measurements made on organisms from three groups collected
demersal fishes epibenthos and zooplankton

c Sediment quality metals Al Cd Cu Cr Fe Mn Ni Pb Zn Co
chlorinated hydrocarbons c BHC Aldrin Lindane Heptachlor epoxide
Dieldrin DDD DDL DDT Endrin Kepone PCBs and aromatic
hydrocarbons

d Total phytoplankton composition and supportive chlorophyll measurements

C Total fish fish larvae crab larvae zooplankton and benthic
invertebrates



SECTION E

MONITORING MAPS

Figures 3e3 to 3e16 show all state Federal and other monitoringstations by categories



Figure 3eI NOAA meteorological current and tide monitoring station



Figure 3e2 USGS discharge and water quality monitoring stations



Figure3e3 Water quality monitoring stations sampled by the State of`
Maryland the State of Virginia and Old Dominion Universty



Figure 3e4 Water quality monitoring stations sampled by the DC
government the State of Virginia and the Virginia
Institute of Marine Science



Figure 3e5 Sediment monitoring stations sampled by Old Dominion

University and the State of Virginia



Figure 3e6 Plankton monitoring stations sampled by the State of

Maryland old Dominion University and the Virginia

Institute of Marine Science
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Figure 3e7 3enthic monitoring stations sampled by Old DominionUniversitythe Virginia Institute of Marine Science and the State
of Maryland
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Figure 3e8 Adult and juvenile fish monitoring stations sampled by

Old Dominion University the State of Maryland and the

Virginia Institute of Marine Science
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Figure 3e9 Oyster spatfall monitoring stations sampled by the

Virginia Institute of Marine Science and the State
of Maryland
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Figure 3e10 Biological tissue monitoring stations sampled by

the State of Maryland US Fish and Wildlife Service

and the State of Virginia



Figure 3e11 Shellfish tissue monitoring stations sampled by the

State of Virginia and the State of Maryland



Figure 3e12 Submerged aquatic vegetation monitoring stations sampled

by the State of Maryland and the US Fish and Wildlife
Service
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Figure 3e13 Potomac river water quality and phytoplankton monitoring

stations sampled by the District of Columbia government
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Figure 3e14 Radiological survey conducted near the Peach Bottom

nuclear power station

CP1



Figure 3e15 Quarterly radiological survey conducted near the

Calvert Cliffs nuclear power station
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Figure 3e16 Annual radiological survey conducted near the Calvert
Cliffs nuclear power station
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ATTACHMENT 4

SECTION A

CHESAPEAKE BY BIOLOGICAL RESOURCE MONITORINGDATA
ACQUISITION AND ANALYSIS REQUIREMENTS AND RECOMMENDATIONS

During the process of evaluating the strengths and weaknesses of the

present monitoring programs several areas surfaced which could be further

improved The following section offers suggestions for improving our

current monitoring efforts which should improve data analysis

LENGTH INTENSITY AND SCOPE OF SAMPLING

Preliminary findings from the CBP analysis of fisheries landings
juvenile finfish surveys and oyster spat set surveys as well as the

scientific literature indicate that climatically regulated natural cycles
of abundance and decline in fisheries species may be on the order of twenty

years in length Cushing 1975 In addition annual and spatial variation

in abundance of a species may be substantial due to local and relatively
shortterm hydrographic and climatic effects Therefore to separate
climatic from anthropogenic effects biological monitoring programs must

A be designed to be statistically comparable and compatible with

water quality hydrographic and climatic variable data collection

efforts At the very least this requires congruent sampling data

collection and data analysis programs

B be conducted using essentially the same standardized techniques

by competent technicians for very long periods of time minimum of

20 years The best local example of such a survey is Maryland

Department of Natural Resourcess survey of juvenile finfish Tile

principal deficiencies of this example are that water quality

studies are not conducted congruently as suggested in A above

The survey should be expanded to other Bay tributaries especially

to provide coverage in Virginia waters for better spatial

discrimination of species trends In addition the survey should

be tested for its effectiveness as an index of striped bass and

other species abundance

C have experimental designs where sampling intensity and frequency

are statistically determined by the natural variability of the

data so that the data may be subjected to a sufficiently powerful
statistical treatment to allow for the separation of natural and

anthropogenic effects Much of the CBP data base is not

sufficiently synoptic or intense to allow for powerful statistical

treatment

See specific recommendations on biological monitoring in next

section



NEED FOR TRUE ABUNDANCE MEASUREMENTS

In addition to juvenile finfish and oyster spat set surveys the only

longterm biological data available to the CEP for comparison to water

quality trends are fisheries landings data However as Rothschild

Richkus and Ulanowicz have pointed out fisheries landing statistics as

they were historically collected did not include a measure of fishing
effort neither commercial nor recreational Therefore fisheries

landings formerly bore little or no resemblance to fisheries species
abundance in the field What is needed at the very least would he monthly

commercial and recreational effort statistics now being collected by the

Maryland Department of Natural Resources for the species of interest and

at best would be scientifically rigorous sampling programs designed to

provide a field measure of abundance for several different life stages of

key species

NEED TO UNDERSTAND BIOLOGICAL COMMUNITY
STRUCTURE AND INTERACTIONS

The CEP analysis of fisheries trends versus water quality has

stimulated an hypothesis concerning hydrographic pumping of the marine

and coastal community of species into the Bay where they may compete with

or prey on the equivalent freshwaterbrackish water community Although
there is some evidence in the scientific literature to support this idea
in actuality little firm data are available on interactions of various

species in Chesapeake Bay even though such interactions may be the

principal forcing functions in the expression of fishery trends

NEED TO DEVELOP BIOASSAY PROCEDURES THAT ALLOW
INTERPRETATION OF LABORATORY DERIVED RESULTS

TO FIELD CONDITIONS

Sindermann 1980 describes in some detail the difficulty of isolating

and quantifying pollution effects on resource speciesas distinct from

effects of natural environmental variations He states that the fact

that chemical pollutants cause stress and deaths in individual marine

animals can be easily demonstrated and has been repeatedly Descriptions

of lethal and sublethal effects of heavy metals petroleum compounds and

halogenated hydrocarbons abound in the experimental literature That

stress from chemical pollutants can have significant quantifiable effects

on resource species abundance apart from localized effects in severely

contaminated coastal and estuarine zones is much more difficult to

demonstrate and has not been documented satisfactorily Sindermann 1980

This view is supported by Coles 1975 inability to identify effects

of pollution on North Sea fish and shellfish stocks and by Wise 1974 who

reviewed on a speciesbyspecies basis the catches of major estuarine

dependent Atlantic fisheries Wises 1974 conclusion was that the
evidence from catch records of a substantial number of exploited estuarine

species in United States waters indicates that pollution and damage to

estuaries have not yet shown any measurable overall effect on the part of

the marine resources which might be expected to show the first effects

A recent review of ecological stress in the New York Bight Mayer 1982

supports the previously described viewpoint that even in an area as heavily

impacted as the New York Bight it is nearly impossible to demonstrate

pollutioninduced changes in the growth and distribution of populations of
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plankton Lee et al 1982 invertebrate communities Wolfe et al 1982

and fishes Sindermann et al 1982 On the other hand Carriker et al

1982 indicate that temporal and spatial trends exist in the distribution

and abundance of some benthic organisms in lower Raritan Bay and the New

York Bight apex as a result of pollution

Therefore some effort should be made to devise a standardized bioassay

procedure that might make use of established aquaculture techniques and key

ecological commercial and recreational species such as the American

oyster striped bass blue crab etc to provide at the very least a

qualitative comparison of the gross toxicity of water from various

locations around the Bay and at best a relative measure of the toxicities

of the individual contaminants within each water sample

SECTION B

SPECIFIC RECOMMENDATIONS ON BIOLOGICAL

MONITORING OF CHESAPEAKE BAY

Juvenile Finfish Survey

Station location and sampling scheme

1 Stations currently occupied in the head of the Bay and the Potomac

Choptank and Nanticoke Rivers by the Maryland Department of Natural

Resources MD DNR should be maintained to preserve the historical

integrity of the survey Attachment 3 Section E
2 Equivalent numbers of stations 4 to 7 per estuary should be specified

for an indentical juvenile finfish survey to be conducted in the

Rappahannock York and James Rivers in Virginia

3 Concurrent water quality sampling should be conducted

4 Late summer and early fall is probably the best time to obtain maximum

numbers of species and youngoftheyear fish for spring andearlysummer
spawners primarily the anadromous species Therefore the

current seasonal schedule followed by MD DNR appears appropriate

5 Gear and seining techniques should be equivalent to the recent history

of the MD DNR for shore stations However it is desirable to have

deepwater channel trawl stations using net and mesh size and towing

areas roughly equivalent to shore seines for comparison to shore

collections to properly sample deeper water benthic types such as the

sciaenids The trawling efforts should be patterned after the VIMS

trawl surveys to provide historical consistency and consist of 10 to 15

minute length tows Guillory et al 1980

6 In addition to identifying and counting age 0 youngoftheyear fish

it is also highly desirable to identify and count age I one year old

fish where known length frequencies allow one to identify age 1 fish

This would assist in determining mortality rates during the firstyear7
The CBt is currently conducting an analysis of the variability of the

MD DNR juvenile finfish survey data using striped bass data assuming 5

stations per estuary and collections during July August and
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September to estimate the number of replicates per station per monththat would be necessary to detect a statistically significant change inthe mean number of striped bass collected from year to year in a givenestuary basin Sampling frequency analyses in other studies insimilar estuaries Campbell 1975 show that to collect in excess of 85percent of the species available 51 of 58 it is necessary to collectabout 480 samples per estuary evenly spaced throughout the yearPresuming that a three month quarter of midJuly through midOctoberwould suffice 120 samples per estuary per season would be requiredPresuming five shore stations and five channel stations per estuary inthe Chesapeake or its tributaries then each station should bereplicated four times per month for the three month season In asimilar shore zone fish survey Derrickson and Price 1973 calculatedthat each pass of the seine has a capture efficiency of slightly morethan 50 percent of the available fish in an area where escape by thefish was difficult Theoretically then four seine or trawl passesshould provide over 90 percent of the fish available when escape is notpossible Obviously the assumption is not true but it should berealistic for youngoftheyear fish which should be less able to avoidcapture

Doubleday 1980 indicates that more than 100 sets samples at a givenlocation are necessary to reduce margins of statistical error to below± 50 percent Other researchers Guiilory et al 1980 have shown thatseveral hundred replicate trawl samples are necessary to detect changeat a 95 percent confidence level using tenminute tows However theysupport the idea that four replicates as suggested in thisrecommendation will at least provide evidence of major treads but willnot be prohibitively expensive or demanding of human and financialresources

Oyster Spat Survey

1 Key stations currently Occupied in both Maryland Aleritt 1977 Davis etal 1981 and Virginia Haven et al 1978 should be maintained usingequivalent sampling gear and strategies to preserve the historicalintegrity of the survey

2 The September October sampling period should be maintained because itis biologically reasonable and to preserve the historical integrity ofthe survey

3 In view of growing hypoxic conditions in the Bay in the summer periodadditional stations should be added if necessary to detect thedetrimental effects of the encroachment of low Oxygen water

4 An analysis of the variability of the spat set data currently collectedis being conducted with the intent of predicting the number of key barstations and replicates per station per year that would be necessary todetect a change in number of oyster spat collected from year to year ina given estuary basin

5 Water quality sampling and tissue analysis should be done at the keyoyster bars



Submerged Aquatic Vegetation Survey

Submerged aquatic vegetation SAV baseline monitoring should also be

done at a level II effort The following is a suggested approach

A Aerial photography is recommended to be done annually for the

estimation of yeartoyear distribution and the extent of beds

Timing suggested is for the lower Bay in May or June and the

upper Bay in June

B For community composition and condition ground truthing is

necessary It is also necessary to calibrate the density of beds

observed with aerial photography Groundtruthing station density

should be greater in Maryland because of greater diversity of SAV

community type

Parameters suggested at ground truth stations include

1 salinity

2 temperature water

3 pH in fresh water

4 light penetration Secchi depth

5 weather sea state wind

6 water depth at station

7 stage of tide or time of day to estimate tidal stage

8 note general condition of station vegetated apparent condition

of bed nonvegetated

9 density or biomass in a standard area

10 relative abundance of various species present and

11 take samples at selected sites for later examination for

epiphytes leafstem morphology etc

The current Maryland Department of Natural Resources summer vegetation

survey does most of the above Attachment 3 Figure 3e12 For

completeness this type of ground truthing must be extended to the Potomac

River and Virginia For economic reasons it may be necessary to reduce

the number of SAV survey stations in Maryland Attachment 8 gives specific

analysis and recommendations regarding future SAV monitoring in the upper

Bay Some flexibility in ground truthing should be retained It may be

necessary to return during the season to stations which data analyses show

are experiencing a lot of change Ground truthing in Virginia and Maryland

should be comparable in techniques and parameters measured In Virginia

SAV should be looked at in other than polyhaline areas



Phytoplankton Survey

Because phytoplankton community composition and abundance is a good

indicator of water quality it is recommended that a regular program of

phytoplankton monitoring level ITS be carried out monthly in the

tidalfresh areas where bluegreens can become a problem and in the lower

estuarine areas where dinoflagellates proliferate This sampling should

correspond with the water quality stations



ATTACHMENT 5

VOLUNTEER MONITORING PROGRAM

Volunteer monitoring is a relatively new idea which has been instituted

in a few areas around the country These programs call for citizen

volunteers to sample the waters near where they live for certain parameters
and report their findings on a regular basis to an organizing agency
Citizens in Rhode Island have been monitoring their waters for the past

five years and have produced a very valuable data set it is felt by many

that such a program around Chesapeake Bay could be very successful because

Bay area citizens have always expressed their concern for and their

interest in the health of the Bay

For the purpose of trend assessment in the shallow reaches of

Chesapeake Bay the concept of a Citizens Bay Watch could be an

alternative to a highly structured and expensive institutional monitoring

program All of the considerations stated earlier would remain important

including selecting data appropriate for collection assuring data quality
and maintaining the network over an extended time period Properly

established and managed such a program could provide valuable insights

into trends in the estuary at a very reasonable cost

Initially such a program would be established using a core network of

interested citizens trained in elementary data acquisition and

observation Preferably the system would use citizens with access to the

water by pier or small boat and with a high probability of remaining at

that site for several years

Once established the network would require input and feedback from the

overseeing organization on a regular basis Feedback could take the form

of newsletters seminars etc and would assure continued interest and a

quality data base

Selecting the parameters to be collected would require a careful

analysis of the goals of the program and the methodologies available

Quantitative information on turbidity dissolved oxygen temperature and

pli could be easily collected and its accuracy ensured by a simple quality

assurance program Qualitative information such as grass cover water

appearance bottom color and the relative abundance of living resouces

could also be collected Models for acquiring this type of information

already exist as demonstrated by the pond monitoring program in Rhode

Island and the Save our Streams citizens stream survey in Maryland

As the network matured it could be expanded to other nearshore

locations and eventually offshore Moving the monitoring program to

deeper waters would require the recruitment of interested boaters Due to

the lack of a consistent sampling regime it may prove difficult to

demonstrate trends in water quality and biological resources However

this kind of citizen participation would provide insight into transient

environmental events which are difficult to document with a highly

structured monitoring program Again feedback to the participants and a

quality assurance program would have to be designed and incorporated



A second opportunity exists for citizen participation in labor

intensive monitoring programs For example the State of Marylands annual

anadromous fish spawning stock survey could be made more effective by using
university and community college students to aid the permanent staff

Establishing this program would require that a central clearinghouse be

established and that the monitoring and research agencies be made aware of

the resource The logical site for such a clearinghouse would be at one
of the several educational institutions with an active environmental
science program in the affected states ie University of Maryland VIMS
AACC ODU

More specific plans for volunteer monitoring will be established after
this document has been published and should be included in another document

at a later date



ATTACHMENT 6

BASELINE MONITORING

This attachment presents a table of the baseline monitoring stations as

discussed in Section 3 The station ID codes are based on the CBP

segmentation scheme Figure 4 The first letter of the code refers to the

state Maryland or Virginia in which the station is located The next

three or four characters represent the segment ID and the last character is

the number of the station within that segment Station numbers that are

part of a transect will have either an E or a W at the end which stands for

east or west For example MCB43W is a Maryland station located in

segment CB4 main Bay and it is the third station in segment CB4 It is

a transect station on the west side of station MCB43 Figure 61 shows

the approximate location for each of the stations



Figure 61 Proposed baseline monitoring stations



TABLE 61 WATER QUALITY BASELINE MONITORING

Station II Water Quality Frequency Depth Interval

Parameters

Maryland Western Shore Tributaries

MWT1l 19

MWT2l 19

MWT31 19

MWT41 19

MWT51 19

MWT61 19

NWT7 1 19

MWT81 19

MWr82 19

MWT83 19

Patuxent River

MTF11 19

IfrFl2 19

MRETIl 19

MLE11 19

MLE12 19

MLE13 19

Potomac River

MTF2l 19

ltiR>_ T2 l 19

MRET22 i9

MLE21 19

MLE22 19

MLE23 19

VTF21 19

VTF22 19

VTF23 19

VTF24 19

VRET2l 19

VLE21 19

VLE22 19

monthly

monthly

monthly

monthly

monthly

monthly

monthly

monthly

monthly

monthly

surface and botto

SB
SB
SB
SB

4

SB
SB
SB
S B

SB

bimonthly MarOct SB

monthly NovFeb
monthly SB
Monthly SB

bimonthly MarOct 4

monthly NovFeb
monthly 4

monthly 4

monthly SB
monthly 4

monthly 4

monthly 4

monthly 4

monthly 4

monthly SB
monthly SB

monthly SB
monthly SB

bimonthly MarOct SB
monthly NovFeb
bimonthly MarOct SB

monthly NovFeb
bimonthly MarMay SB

monthly NovFeb
weekly JuneOct

bimonthly = twice a month

continued
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TABLE 61 Continued

Station 1D Water Quality Frequency Depth Interval
Parameters

Eastern Shore Tributaries and Embayments

MET11 19 monthly SB
MET21 19 monthly SB
MET22 19

monthly SB
MET23 19 monthly SB
MET31 19 monthly SB
MET41 19 bimonthly MarOct SB

monthly NovFeb
MET42 19 bimonthly MarOct 4

monthly NovFeb
MEE11 19 bimonthly MarOct 4

monthly NovFeb
MEEI2 19 bimonthly MarOct 4

monthly NovFeb
MEE21 19 bimonthly MarOct 4

monthly NovFeb
MET51 19 bimonthly MarOct SB

monthly NovFeb
MET52 19 himonthly MarOct 4

monthly NovFeb
MEE22 19 bimonthly MarOct SB

monthly NovFeb
MEE31 19 bimonthly MarOct 4

monthly NovFeh
ME E32 19 bimonthly MarOct 4

monthly NovFeb
MEE33 19 bimonthly MarOct 4

monthly NovFeb
MET61 19 monthly SB
l T62 19 monthly 4
MET71 19 monthly SB
MET8l 19 monthly SB
MET91 19 monthly SB
MET1O1 19 monthly SB

Main Bay

MCB11 19 bimonthly MarOct SB
monthly NovFeb

MCB21 19 bimonthly MarOct SB
monthly NovFeb

MCB22 19 bimonthly MarOct 4

monthly NovFeb
MCB31 19 bimonthly MarOct 4

monthly NovFeb

continued
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TABLE 61 Continued

Station ID Water Quality
Parameters

MCB32 19

MCB33 19

MCB33E 19

MCB33W 19

MCB41 19

MCB4 lE 19

MCB41W 19

MCB44 19

MCB51 19

MCB52 19

MCI353 19

MCB54 19

MCB42 19

MCB42E 19

MCB42W 19

MCB43 19

MCB43E 19

MCB43W 19

VCB51 l9

VCB52 19

VC352W 19

VCB71 19

VCB672 19

Frequency Depth Interval

b imonthly MarOct 4

monthly NovFeb
bimonthly MarOct 4

monthly NovFeb
b imonthly MarOct 4

monthly NovFeb
himonthly MarOct 4

monthly NovFeb
bimonthly liarOct 4

monthly NovFeb
b imonthly MarOct 4

monthly NovFeb
bimonthly MarOct 4

monthly NovFeb
bimonthly MarOct 4

monthly NovFeb
bimonthly MarOct 4

monthly NovFeb
bimonthly MarOct 4

monthly NovFeb
bimonthly MarOct 4

monthly NovFeb
himonthly MarOct 4

monthly NuvFeb
bimonthly MarOct 4

monthly NovFeb
bimonthly MarOct 4

monthly NovFeb
bimonthly MarOct 4

monthly NovFeb
himonthly MarOct 4

monthly NovFeb
himonthly MarOct 4

monthly NovFeb
himonthly MarOct 4

monthly NovFeb
b imonthly liarOct 4

monthly NovFeb
bimonthly

1

MarOct 4

monthly NovFeb
bimonthly MarOct 4

monthly NovFeb
birnQnthly MarOct 4

monthly NovFeb
himonthly MarOct 4

monthly NovFeb

continued
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TABLE 61 Continued

Station ID Water Quality

Parameters

VCB672E 19

VCB672W 19

VCB673 19

VCB673E 19

VCB673W 19

VCB781 19

VCB7 81N 19

VCB781S

Mobjack Bay

19

VWE41 19

VWE42 19

VWE4 3 19

VWE4 4 19

VWE45

Rappahannock River

19

VTF31 19

VRET31 19

VRET32 19

VRET33 19

VLE31 19

VLE32 19

Frequency Depth Interval

bimonthly MarOct 4

monthly NovFeb
bimonthly NarOct 4

monthly NovFeb
bimonthly MarOct 4

monthly NovFeb
himonthly MarOct 4

monthly NovFeb
himonthly MarOct 4

monthly NovFeb
himonthly MarOct 4

monthly NovFeb
bimonthly MarOct 4

monthly NovFeb
bimonthly MarOct 4

monthly NovFeb

bimonthly MarOct 4

monthly NovFeb
himonthly MarOct 4

monthly NovFeb
bimonthly MarOct 4

monthly NovFeb
bimonthly MarOct 4

monthly NovFeb
bimonthly MarOct 4

monthly NovFeb

bimonthly MarOct SB
monthly NovFeb
bimonthly MarOct SB
monthly NovFeb
bimonthly MarOct SB
monthly NovFeb
bimonthly MarOct SB
monthly NovFeb
bimonthly MarOct 4

monthly NovFeb
bimonthly MarOct 4

monthly NovFeb

continued
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TABLE 61 Continued

Station ID Water Quality
Parameters

VLE3 3 19

VLE34 19

VLE35

York River

19

VTF41 19

VTF42 19

VTF43 19

VRET41 19

VEE T42 19

VLE41 19

VLE42 19

VLE4 3

James River

19

VTF51 19

VTF52 19

VTF53 19

VTF54 19

VRET51 19

VRET52 19

VLE51 19

Frequency Depth Interval

bimonthly MarOct 4

monthly NovFeb
bimonthly MarOct 4

monthly NovFeb
bimonthly MarJune 4

monthly NovFeb
weekly JuneOct

bimonthly MarOct SB
monthly NovFeb
bimonthly MarOct SB
monthly NovFeb
bimonthly MarOct SB
monthly NovFeb
bimonthly MarOct SB
monthly NovFeb
bimonthly MarOct SB

monthly NovFeb
bimonthly MarOct 4

monthly NovFeb
bimonthly MarMay 4

monthly NovFeb
weekly JuneOct
himonthly MarMay 4

monthly NovFeb
weekly JuneOct

bimonthly MarOct SB

monthly NovFeb
bimonthly MarOct SB
monthly NovFeb
bimonthly MarOct SB
monthly NovFeb
bimonthly MarOct SB

monthly NovFeb
bimonthly MarOct SB
monthly NovFeb
bimonthly MarOct SB
monthly NovFeb
bimonthly MarMay 4

monthly NovFeb
weekly JuneOct

continued
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TABLE 61 Continued

Station ID Water Quality Frequency Depth Interval

Parameters

VLE52 19 bimonthly MarMay 4

monthly NovFeb
weekly JuneOct

VLE53 19 bimonthly MarMay 4

monthly NovFeb
weekly JuneOct

VLE54 19 himonthly MarOct 4

monthly NovFeb
VLE55 19 bimonthly MarMay 4

monthly NovFeb
weekly JuneOct

VLE56 19 himonthly MarOct 4

monthly NovFeb
VLE57 19 bimonthly MarOct 4

monthly NovFeb

Atlantic Ocean

VATL 19 monthly 4



WATER QUALITY SAMPLING

Parameters

The nineteen water quality parameters to be taken at each station are

Temperature Total nitrogen and its constitutents

Dissolved Oxygen Dissolved total organic nitrogen

Secchi Particulate total organic nitrogen

Salinity Alkalinity in Nitrate

freshwater 05 ppt Nitrite

pH Ammonia

Silicon Total phosphorus and its constituents

Particulate organic carbon Dissolved phosphorus

Dissolved organic carbon Total phosphorus

Total suspended solids TSS Orthophosphate

Chlorophyll a corrected and uncorrected and Pheophytin a

Frequency

Most sampling will be done on a monthly or bimonthly basis as

indicated on Table 61 A select group of stations that are near to the

oyster spat sampling stations will be sampled weekly from midJune tomidOctoberAll sampling frequencies should be analyzed statistically after

two years to determine whether or not they may be decreased in some areas

Depth Intervals

Stations that are located in stratified areas will be sampled at four

depths surface 05 meters off the bottom and at some area above and

below the pycnocline The two latter sampling depths will have to be

determined after the pycnocline profile has been identified The rest of

the stations will be sampled at sur€ace and 05 meters off the bottom In

the tidalfresh areas as well as in some turbidityzone areas the surface

and bottom sampling should be continued for at least one year after which

some statistical analyses should be done to determine whether or not a

composite sample could be substituted for the discreet samples since these

areas are usually less stratified than the lower estuarine and Bay segments

Sediment Sampling

Initially sediment samples will be taken at each water quality station

annually and analyzed for metals organics total organic carbon content

grain size and moisture content It may be possible to reduce the

frequency of sampling in many areas following several years of data

acquisition and analysis

Biological Sampling

Finfish and oyster tissue will be sampled annually at selected stations

and analyzed for metals organic compounds and moisture and lipid

content Analysis of finfish tissues from species with a more localized

range is necessary if the source of the pollutant is to be found These

tissue analyses should be used as an indicator of whether or not there is a
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need to analyze for metals and organic compounds in the water column tThen

this becomes necessary it is recommended that the National Bureau of

Standards approach Kingston et al 1982 for measuring dissolved metals in

the water column be used
Cost Analysis

This baseline program is structured to address the general questions
which have arisen from the CBP research effort The proposed program does

not include other important monitoring efforts such as compliance

monitoring fecal coliform levels and stock assessments

The proposed monitoring strategy identifies 122 stations Baywide an
average of one station per 36 square miles where samples are collected at
2 to 4 depths 12 to 32 times per year The proposed strategy includes 44

water column stations in the Maryland tributaries 22 in the main Bay of

Maryland 42 in the Virginia tributaries and 15 stations in the main Bay
of Virginia Presently there are 4 water column stations sampled in the

tributaries of Maryland 3 stations in the Maryland main Bay and 199

stations in the Virginia tributaries

Cost estimates for the proposed program are as follows



TABLE 62 COST ESTIMATES

No SamplesYear CostYear $
Water Columnl

Maryland Tributaries 1840 349600

Maryland Main Bay 1680 319200

Virginia Tributaries 2680 509200

Virginia Main Bay 1168 221920

Subtotal 1400000

Sediments2

Maryland Tributaries 44 44000

Maryland Main Bay 22 22000

Virginia Tributaries 42 42000

inia Main BayVir 15 15000
g

Subtotal 123000

Biology3

Maryland
Juv Finfish Index 132 26040

Shellfish Contam 66 79000

Oyster Spat
60 19900

Virginia

Juv Finfish Index 624 7296

Shellfish Contam 57 68000

Oyster Spat 49 13200

Subtotal 213436

TOTAL $1740000

1 Water Column 150sample analysis

$ 40sample collection

190 sample

Water column samples will be analyzed for temperature dissolved

oxygen light penetration Secchi salinity phi silica dissolved

organic nitrogen particulate nitrogen nitrite nitrate ammonia

total dissolved phosphorus total particulate phosphorus

orthophosphate chlorophyll a pheophytin a particulate organic

carbon dissolved organic carbon and total suspended solids

2 Sediment $950sample analysis

$ 50sample collection

$1000 sample

Sediment samples will be analyzed for organics metals TOC grain

size and moisutre

3 Tissue

Shellfish

moisture

$1200sample

tissue samples will be analyzed for organics metals

and lipid
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Funding Considerations

The cost of implementing a baseline nutrient monitoring plan to providedata to make trend assessments is substantial Efforts focused on levelsII and III ie correlations and causal inference will require specialstudies and associated costs Thus it is suggested that the states acceptresponsibility for monitoring work in the tributaries of the Bay withexisting Federal support and that a more significant Federal contributionbe made to monitoring the main stem of Chesapeake Bay The rationale forthis proposal is derived from the shared boundaries of the main stem of theBay by the States of Maryland and Virginia and the role of Chesapeake Bayas a national resource



ATTACHMENT 7

A SUGGESTED MONITORING MANAGEMENT STRATEGY FOR NUTRIENTS
OXYGEN AND OYSTERS IN THE MAIN STEM OF CHESAPEAKE BAY

PROBLEM

Low levels of dissolved oxygen are occurring with increasing frequencyextent and duration in the deep channel of the midChesapeake Bay

RATIONALE

Dissolved oxygen has long been recognized as a critical factor
especially in aquatic environments All aerobic forms essentially all
higher organisms have survival limits to exposure of oxygen shortages
Many deepocean basins eutrophic lakes and estuaries with deep channels
and strong vertical salinity gradients typically develop low DO levels
during the summer when water temperatures are high The Chesapeake Bay is
no exception and probably through natural processes has exhibited low
summer DO levels early in its geological history

During those years in the summer to early fall when natural
hydrographic conditions and anthropogenic inputs facilitate anoxic
conditions the majority of fish and shellfish species would be excluded by
potential lethal conditions from about 20 percent of the deeper waters of
the midBay area but very likely by behavioral avoidance from about 60
percent of the midBay waters leaving only shallow surface waters 2 to 3

meters for feeding and spawning Anecdotal evidence from fishermen and
scientists indicate that there have been increasing instances of oyster
mortalities and crab wars or jubilees caused by low dissolved oxygen in
recent years however data are not readily available which allow site

specific descriptions of the problem particularly outside of the main
channel of the Bay from Gibson Island to Tangier Island

Present concern is that anthropogenic activities are exacerbating the
problem Flemer et al 1983 An increased nutrient supply is probably
contributing to an increased production of organic matter by
phytoplankton This material settles into the deep channel where
decomposition processes can outstrip physical processes of reaeration and
mixing of surface waters containing higher levels of DO with deep waters

The low DO in the deep channel can he approached conceptually in terms
of sources of nutrients transport of nutrients and organic matter and
effects of production and decomposition processes

SPECIFIC QUESTION

Is the longitudinal lateral and vertical extent and duration of low
levels of DO continuing to increase in the deep channel region of
Chesapeake Bay

Proposed management and monitoring strategy



1 The extent and duration of the hypoxic events should be

characterized by oxygen analyses that provide spatial a1uU temporal

coverage to include

a All areas of the Bay and tributaries which have depths

greater than four meters 12 feet which are the depths

most drastically affected in the main channel of the Bay

b Coverage at least during the period of May to October when

the problem is greatest

c Carefully establish diurnal ranges and models for predicting

them recognizing that the severest oxygen depletion is likely

to occur just before dawn whereas most oxygen sampling has

traditionally been conducted during daylight hours

2 Ambient oxygen levels and duration of exposure should be compared

to the laboratory established tolerances for various species of

endemic animals The EPAestablished criteria for the minimum

concentration of dissolved oxygen to maintain good fish

populations in open waters is 50 mg L1 36 ml L1 All

available evidence from the scientific literature for local

freshwater estuarine and marine fish and shellfish support this

criterion

Note Productive SAV beds probably have early morning DO values

of less than 50 mg L1
3 Formulate specific control strategies to reduce nutrient and

carbon input into the system sufficiently to return the majority
of the Bay and tributary waters to the established EPA criterion
of 50 mg L1 36 ml L1 dissolved oxygen Monitor to

determine if the following occurs reduction in point and

nonpoint source loadings reduction in ambient levels of nutrients

and carbon within the Bay and its tributaries reduction in

hypoxic conditions within the Bay and its tributaries improvement
in utilization of previously affected habitat by endemic species
in question and improvement of fisheries in question

The following sample strategy is offered as a guide to assess the

effects of nutrient concentrations on the oyster as a key indicator of

natural resources and the influence on nutrients oxygen and oysters that

the implementation of nutrient controls might have on hypoxic conditions

and oyster populations in Chesapeake Bay

I Working Hypothesis Increases in plant nutrient levels expressed as

total nitrogen and total phosphorus are contributing to an increasing

eutrophication of Chesapeake Bay which is being expressed as an ever

growing volume of low oxygen hypoxic water in the deeper portions of the

main stem of Chesapeake Bay Patapsco River to Tangier Island and its

tributaries Although the occurence of low oxygen in the deeper portions
of the Bay and some tributaries has been recognized for many years and was

thought to be a natural phenomenon eg the anoxic conditions that have

led to the black muds in the deep channel of the lower Rappahannock



estuary4 There is evidence that the depth and volume of these hypoxic
waters have been expanding during the last two decades and have begun to

seriously encroach upon oyster beds causing mortality of oysters either by
suffocation or by stressing the animals and thus making them more

susceptible to oyster diseases such as 1SX Figure 71
II Worst Case Coal To halt the nutrient enrichment of Chesapeake Bay
and to maintain the present biological productivity and distribution of

oysters in the Bay

III Best Case Goal To reduce the ambient levels of plant nutrients in

Chesapeake Bay to levels observed during the early 1950s in an effort to

restore water oxygen concentretions and the availability of oyster habitat
to conditions circa 1950

IV Models and relationships required for establishing target loads and

effectiveness of management

strategiesA
Relationship of land use to nutrient loads by basin and subbasin

B Relationship of land use to nutrient loads at the fall line of

major Chesapeake Bay tributaries

C Relationship of nutrient loads at the fall line to ambient

nutrient and oxygen levels at several depths in CB1 CB2 CB3
CB4 and CB5 This would require a mathematical model of CB 15
that provides output describing vertical structure

Note it may not be feasible to establish such relationships in

CB1 and CB2 for a variety of reasons eg resuspension of

bottom sediments

D Nutrient fluxes through the boundaries of the system CB 15
which would include fall lines surface transfer benthic bottom
transfer tributary river input sewage tretment plant input and

downBay oceanic transfer between CE5 and CB6

Caution above processes need better description and sensitivity
analysis before blindly applying a water quality model

E Model runs for various present condition future condition and

proposed nutrient removal strategies at the fall line and in CB

15

V Information and data presently collected that would support this

monitoring

effortA
Fall line monitoring of nutrients and river flow

B Standard meteorological observations from representative locations

including air temperature precipitation wind speed and
direction etc

4Personal Communication

Andrews VIMS 1983
Anoxic Conditions in the Deep Channels J
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Figure 71 Areas of reduced dissolved oxygen concentrations
relative to the location of public oyster bars
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C STP and industrial discharges of nutrients in pertinent
tributaries

D Land use described in the categories eg forest conventional

tillage notill etc necessary to support land usenutrient
loading model as described in IVB above

E Fertilizer use by basin or subbasin

F Basic hydrographic observations including salinity water
temperature tide stage current velocity etc

VI Information and data needed but presently not collected in a

systematic and uniform manner to support this monitoringeffortA
Ambient nutrient levels on a vertical and horizontal scale
measured every two weeks in CB 15 to predict monthly seasonal
and annual means and variances

B Ambient oxygen levels on a vertical and horizontal scale measured

monthly in CE 15 to predict time of onset decline and monthly
seasonal and annual means and variances and seasonal cycles

C Ambient oxygen levels on a vertical and horizontal scale measured
at least hourly at worst case conditions in CB 15 to predict
diurnal cycles and during a representative wet dry and typical
year

D Quarterly collected box cores and dredge or diver samples with

synoptic coverage of the floor of CB 15 to predict benthic

species diversity and mortality with special consideration given
to mortality spat set disease and general condition of the

oyster

E Bioassays conducted in live boxes pearl nets trays etc on a

vertical and horizontal scale under worst case oxygen conditions

using oysters crabs and representative finfish t1 saxatilis
Menidia and Fundulus to verify oxygen exposure levels that cause

mortality an ps stress using a physiological indicator

eg oxygen debt

VII Statistical and samplin design

considerationsA
Models relating either ambient oxygen levels or ambient nutrient

levels to land use must have the sensitivity and accuracy to

detect at the minimum a ten percent reduction in load in terms
of detectable changes in ambient concentrations

B Field sampling programs for ambient nutrient and oxygen levels

must be designed statistically to calibrate and verify the models

C Benthic species sampling frequency should be determined by past
practice and acceptable standards for determining species
diversity Kaufman e t al 1980
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D Sampling for oyster spat set oyster mortality and oyster
condition should be conducted using the procedures of Haven
VIMS Krantz U uD and Otto MD DNR

E Nutrient and oxygen data in the CBP computer data base should be
analyzed to estimate sampling frequency and intensity necessary to
determine yeartoyear differences This analysis would be used
to determine sampling frequency and intensity and to develop a
stratified random approach to sampling plans

F George Krantz and James Salevan CEES have analyzed spat set and
adult oyster surveys to estimate the sampling frequency and
intensity necessary to detect differences on various beds This
analysis should be used to determine sampling frequency and
intensity necessary to show statistical differences on beds or
portions of beds

G Synoptic data should meet the usual statistical constraints

VIII Station

locationsA
The EPAs Chesapeake Bay Program prepared a chart that overlays
the distribution of oyster bars in CB 15 with dissolved oxygen
distributions contours for the summer of 1980 for the
concentrations of 0 0 to 2 2 to 4 and 4 ml L1 Figure71 This chart was used to assist in locating water quality and
biological sampling stations in areas where station coverageshould be maximized to allow detection of the encroachment of
hypoxic water onto oyster bars These areas are where the 2 to 4ml L1 of dissolved oxygen for 1980 is in close proximity to
productive bars that are located on a fairly shallow slope ie
where a small change in the amplitude of low oxygen will cover a
large area of shoal or bar It was concluded that to provide for
historical analysis and an appropriate scope of coverage the core
hydrographic nutrient and oxygen sampling stations should be the
same as those previously used by the Chesapeake Bay Institute
CBI in their studies Figure 72

IX Number of stations and sampling

frequencyThese
parameters are based initially on statistical considerations for

detecting change but will be adjusted to match the expected resources for
conducting this monitoring effort

X Sampling

strategiesA
Eimonthly ambient 07 levels

I Transects across the Bay each approximately twenty nautical
miles apart would be occupied bimonthly to determine the
extent and depth of the hypoxic conditions Figure 72
These transects should be located to pass through historical
CS1 hydrographic stations



Figure 72 Proposed stations for level III oysterDO study
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2 on each transect the ship would occupy stations that are

approximately 25 nautical miles apart Figure 72
Presumably positioning would be done by Loran or radar

3 Measurements of 02 concentration would be done at each
station at twometer depth intervals using an oxygen
electrode type meter that is resistant to H2S poisoning A
surface and bottom water sample would also be taken at each
station according to methods prescribed for Winkler titration
in order to calibrate the electrode at each station All

depth intervals measured would be indicated in terms of
height from the bottom and depth from the surface

4 Maximum positioning and sampling location error should be
held to less than + 5 percent on spacing and depth

5 Assuming the area covered Figure 72 is about 60 stations x
10 meter depth on the average some 1800 02 measurements
and 720 water samples would be collected bimonthly during the

first several years of the sampling program An attempt
should be made to describe the behavior of dissolved oxygen
in a wet dry and average flow year

6 once the behavior and shape of the hypoxic pool was

described it would be possible to reduce effort and
concentrate on detecting the movement of the outer edge of
the hypoxic pool using perhaps onehalf to one quarter of
the initial measurements The edge of the hypoxic pool would
be defined as that region where the most pronounced
ecological effects would occur ie an oxygen concentration
of 05 to 30 ml L1

B Diurnal ambient 02 levels

1 A minimum of five stations would be selected from XA2
sites as described above Figure 72 to determine vertical
and horizontal motion of the hypoxic pool on a shortterm and
diurnal basis One station would be selected from the center
of the study area with two being selected as the eastwest
boundaries and two as the northsouth boundaries Figure 72

2 Equipment positioning and standardization procedures would
be identical to XA above except that instrumental buoys
would be used when possible

3 Oxygen concentrations would be measured simultaneously at all
five stations at twometer depth intervals continuously for
the period of 72 hours during worst case conditions late
August to early September as described by Flemer and Biggs
1971

4 Behavior of diurnal 02 should be determined at worst case
conditions under high flood drought and spring and neap
tide conditions and a range of meterological conditions on
the continental shelf that may affect midBay vertical



stratification and mixing processes to provide some measure

of variance in the system

C Bimonthly ambient nutrient levels

1 Stations at the end of each transect as well as the central

stations represented by the CBI historical hydrographic

stations and others on the same line as described in XA2
above would be occupied as nutrient stations Figure 72 on

a monthly basis

2 At each nutrient station water samples would be collected at

the surface bottom at the pycnocline and two meters above

and below the pycnocline depth These samples would be

stored and analyzed according to standard methods for total

phosphorus and its component compounds total nitrogen and
its component compounds chlorophyll a and total carbon

and particulate and dissolved organic carbon

A Auxiliary hydrographic data collection

1 Salinity and temperature of the water sampled would also be

measured using standard CTD techniques wherever nutrient or

oxygen concentrations are measured in the field Primary

productivity would be measured using standard techniques

involving light and dark bottle dissolved oxygen as described

by Flemer and Olmon 1971 at selected CBI core stations

Special attention should be given to dark bottle respiration

rates

E Benthic fauna mortality studies

1 The work of Holland et al 1977 and Kaufman et al 1980
have shown that muddy areas below ten meters in the vicinity

of Calvert Cliffs and Taylors island suffer almost total

faunal depletion every summer as a result of near anoxic

stress Therefore quarterly standardized Van Veen samples

for benthic fauna and patent tong samples for oysters

collected at each station location identified in XA2
Figure 72 would suffice to indicate the presence or

absence of a typical aerobic benthic community

2 if one desired to study species diversity and faunal

differences among aerobic stations as an auxiliary to the

study of the effects of hypoxia it would be important to

design sampling strategies based on the work of Kaufman et

al 1980 which would require much more intensive sampling

3 Spat set studies would be accomplished by suspending clean

Shell on shell strings suspended at onefoot intervals at

40 stations that are representative of oyster growing areas

Figure 71 These shell strings would be suspended from

surface to bottom in a fashion perpendicular to the bottom

one week prior to an expected major set for the season

probably during July and recovered for final counting in



late September The strings would be pulled every two weeks
to estimate spat set and early mortality and redeployed
immediately A second set of strings would be deployed fresh
and recovered at each station for counting in the laboratory
at two week intervals during the period of July to

September A comparison of the results of the short and
longterm strings will provide evidence of shortterm
mortality and inhibition of setting by hypoxic water as
compared to the mortality of spat which may be set for
sometime and then killed by hypoxic water

F Bioassays
I Bioassay studies would be conducted in conjunction with

diurnal oxygen studies as described in xBl3 above

2 Fresh live oysters l to 2 years old fresh live crabs 1 to

2 years old and 2 to 3 inch Fundulus heteroclitus

mummichog and Menidia menidia Atlantic silversides would
be collected from areas having relatively low environmental
stress The animals would be held in live cans or
laboratory tanks for one week acclimation period at the

approximate temperature and salinity of expected exposure but
in water having 90 to 100 percent 02 saturation

3 Twenty animals of each species would be placed in a separate
pearlnet type of enclosure for field testing

4 Pearlnet type of enclosures each containing 20
individuals of a single species would be attached to a
vertical warp at four meter intervals One end of
the warp would be anchored to the bottom while the other end
would be buoyed in a fashion to achieve an arrangement where
the nets are suspended on a line perpendicular to the bottom
with sets of 20 animals located at four meter intervals from
the bottom to the surface Oxygen measurements in 133
would be arranged at the same levels as the deployment of the
test animals Effects on fish behavior of caging experiments
should be evaluated

5 At the end of a 72 hour exposure period the nets would be

retrieved Those animals remaining alive would be counted
and placed in respirometers separated according to depth of

exposure and species where temperatures and salinity are
equivalent to field exposure and their oxygen consumption
measured in an effort to detect evidence of oxygen debt
Dead animals would be counted for the purpose of calculating
mortality rates at the various 02 concentration exposure
levels

6 At two week intervals during the crab potting season aerial
photography would be used to document the location of crab

pots which tend to be fished further inshore in more shallow
water as fishermen find dead crabs in their pots presumably
due to low dissolved oxygen in deep water



ATTACHMENT 8

A DESCRIPTION OF THE SUBMERGED AQUATIC VEGETATION IN THE
UPPER CHESAPEAKE BAY FROM 1971 TO 1981 AND THE RESULTING
MANAGEMENT AND MONITORING RECOMMENDATIONS

INTRODUCTION

Submerged aquatic vegetation SAV is in many ways vital to the

Chesapeake Bays biological chemical and physical function Stevenson and

Confer 1978 Therefore it is reasonable that Chesapeake Bay should be

managed in part to ensure SAV abundance and quality Although Chesapeake

Bay SAV has been of general interest for a number of years a variety ofBaywideproblems are specifically related to or involved with the management of

the Bays SAV A few of these problems are the introduction of alien SAV

species a decrease in the density of waterfowl accompanying the SAV decrease

nutrient eutrophication and herbicide runoff impacts Stevenson et al 1979
These concerns stimulated the US Fish and Wildlife Service USFWS and the

Maryland Department of Natural Resources MDNR to conduct a monitoring program
that would provide information regarding the upper Chesapeake Bays SAV community

This monitoring program began in 1971 analyses of the resultant data have

helped to document changes in Chesapeake Bays SAV

The first analysis of the USFWSIMDNR SAV monitoring data was reported by

Kerwin et al 1975a and involved an examination of the years 1971 to 1973 to

assess the impact of the 1972 Tropical Storm Agnes on Chesapeake Bays SAV
Kerwin et al 1975b also reported on the monitoring program from 1971 to 1974

Stevenson and Confer 1978 described the SAV data base from 1971 through 1976

by species drainage basin and year Stevenson et al 1979 present the

percentage of stations vegetated each year from 1971 through 1978 Munro 1976a
compared the SAV in 1975 with that in 1971 through 1974 and also 1976b
compared the SAV in 1976 with that in 1971 through 1975 Munro and Perry 1981
used the SAV monitoring data from 1971 through 1980 and explored the relationship

of SAV changes to trends in waterfowl distribution and food habits Finally

Flemer et al 1983 as part of the EPAsChesapeake Bay Program characterization

report used the SAV monitoring data from 1971 through 1981 to determine for

each year the percent of stations that had vegetation and used this percentage
as an index to monitor changes in SAV during the 1970s

The purpose of this attachment is to use a descriptive analysis of the

SAV monitoring data from 1971 through 1981 to assist in making recommendations

regarding the future monitoring and management of SAV in the upper Chesapeake

Bay Monitoring recommendations focus upon how to increase the efficiency

of the sampling effort and maintain consistency with the previous eleven years
of data The management recommendations are based on an analysis of therelationshipbetween the SAV and geographical temporal and environmental factors



METHODS

The USFWSMDNR monitoring of the upper Chesapeake Bay all of Marylandswaters except the Potomac River SAV has been conducted in a similar manner foreleven years 1971 to 198L at approximately 640 stations Each station wasvisited once a year in late summer or early fall on each visit the datelocation water depth secchi disk depth surface water termperature and surfacesalinity were recorded Three replicate vegetation samples were also taken oneach visit Percent composition of each species in the sample was estimated byinspection and the volumetric displacement of the total sample was measured tothe nearest cubic centimeter The field methodology is described in detail inKerwin et al 1975a

The monitoring program has provided data that include two categories ofvariables SAV community and descriptive The descriptive variables can be
subcategorized into class variables and numeric variables The class variableswhich identify the location and time of sample are Chesapeake Bay Program CBPsegment Figure 5 station location within the CBP segment replicateidentificationand year The numeric environmental variables were measured on nearlyevery station visit and provided a measure of the SAV habitat at the time ofsampling They are secchi disk depth cm salinity ppt surface temperature°C and water depth m Secchi disk depth is an index of light penetrationinto the surface of the water column However it is important to emphasizethat light penetrates beyond the secchi disk depth An additional numericdescriptive variable was calculated in this analysis by subtracting secchidisk depth from water column depth this variable is referred to as WCSD andis a measure of the depth of water below the secchi disk depth In shallowwater systems less then 4m some light always penetrates to the bottomWCSD serves as an index of how much light the bottom is receiving

Three subcategories of SAV community variables were measured The firstis the total volumetric displacement of the SAV contained in one replicatesample from a station Volumetric displacement is measured as a volume ofvegetative material per area of water bottom and has been converted toand analyzed as cubic centimeters per square meter ccm Anothersubcategorythat describes the SAV community is the relative abundance of eachspecies These variables one variable for each of the species or unidentifiedplant types that were found were recorded for each replicate sample aspercentages but have been transformed to measures of presence or absencefor use in this attachment The 28 plant categories include vascular plantsmacroalgae and unidentified plant material Table 81 The final subcategoryof SAV community variables is the number of species of vascular plants and thenumber of species of macroalgae found in a replicate sample

RESULTS

This section describes the data base resulting from the eleven years ofmonitoring the Chesapeake Bay SAV and selected environmental variables Theenvironmental variables year CBP segment water column depth secchi disk
depth WCSD salinity and temperature are first described independentlyTables 82 and 83 The SAV community is then described independently



TABLE 81 A LISTING OF THE SUBMERGED AQUATIC VEGETATION ENCOUNTERED

IN THE CHESAPEAKE BAY FROM 1971 to 1981

VascularMacroSpeciesPlantsl Algael

1 Redhead grass Potamogeton perfoliatus x

2 Widgeongrass Ruppia maritima x

3 Eurasian watermilfoil Myrio hyllum spicatum X

4 Eelgrass Zostera marina x

5 Sago pondweed P pectinatus x

6 Hornedpondweed Zanichellia palustris x

7 Wildcelery Vallisneria americana x

8 Common elodea Elodea canadensis x

9 Naiad Najas uadalu ensfs x

10 Muskgrass Chars spp x

11 Slender pondweed P pusillus x

12 Coontail Cerato h llum demersum x

13 Unidentified fragments x

14 Curly pondweed Potamogeton cri Psus x

15 Sea lettuce spp x

16 Agardhiella sip
x

17 Unidentified filamentous green algae x

18 Unidentified green algae x

19 Gracilaria sp1
x

20 Waterstargrass Heteranthera dubia x

21 Unidentified alga
x

22 Enteromor ha gip x

23 Ceramium x

24 Polysiphonia
x

25 Dasya spp
x

26 Unidentified red alga x

27 Unidentified brown alga x

28 Champia parvula
x

I An x in the column indicates the type of SAV



TABLE 82 A BAYWIDE SUMMARY BY YEAR OF THE ENVIRONMENTAL VARIABLES MEASURED

DURING THE MONITORING OF UPPER CHESAPEAKE BAY SAV

Year

Water Column

Depth

m
Secchi Disk

Depth

cm
WCSD
m

Salinity

ppt
Surface

Temp °C

1971 154 138 241

003 031 015
1972 153 663 87 94 216

003 134 003 028 033
1973 160 710 88 102 268

003 110 003 026 008
1974 152 796 72 123 254

003 130 003 003 006
1975 159 759 83 110 250

003 192 003 020 014
1976 147 713 75 80 270

003 101 002 019 007
1977 131 670 65 110 277

003 096 002 018 020
1978 146 739 72 85 272

003 124 002 019 010
1979 150 711 79 74 281

003 099 003 022 009
1980 148 672 81 110 281

003 091 002 023 007
1981 148 646 91 121 257

003 094 003 022 010

NOTES

1 All values not in parentheses are averages of all values of a particular
environmental parameter measured during that year of sampling Secchi disk

depth was not measured in 1971

2 All values in parentheses are standard errors

3 Definitions

a Water Column Depth is the distance from the water surface to the

bottom

ti Secchi Disk Depth is the distance from the water surface to the

depth where a secchi disk first disappears as it descends through the

water column

c WCSD is the Water Column Depth minus Secchi Disk Depthd Salinity is a measure of the salt concentration If it was measured

as less than or equal to one then it has been set to zero

e Surface Water Temperature is a measure of water temperature in the

top several cm of the water column
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TABLE 83 A SUMMARY BY CBP SEGMENT OF THE ENVIRONMENTAL VARIABLES MEASURED

DURING THE 1971 TO 1981 MONITORING OF UPPER CHESAPEAKE BAY SAV

Water Column Secchi Disk Surface Water

CBP Depth Depth WCSD Salinity Temperature

segment m cm m ppt °C

GB1 157 717 083 063 226
003 184 004 009 055

CB2 113 426 070 193 275
003 137 003 023 017

CB3 150 789 070 690 262
004 237 004 025 021

CB4 165 777 088 129 265
003 130 048 019 012

CB5 172 884 083 151 254
003 161 003 014 013

EE1 119 677 050 109 274
003 124 003 017 011

EE2 121 668 052 114 274

002 093 002 015 010
EE3 185 777 107 152 252

002 073 002 012 009
ET1 192 491 139 047 218

008 167 008 016 127
ET2 138 362 105 053 267

005 108 005 009 027
ET3 131 464 086 063 275

005 164 005 014 036
ET4 138 702 069 857 275

004 240 004 018 009
ET5 126 618 063 757 271

004 186 004 027 019
ET6 148 490 099 101 252

037 090 005 033 023
ET7 160 627 101 118 249

006 154 006 028 024
ET8 170 866 081 161 251

007 276 006 035 024
ET9 151 888 058 167 244

007 265 006 034 028
LE1 146 769 069 127 273

004 141 004 027 032
TF1 113 400 071 40 258

007 135 007 047 089
RET1 122 489 068 85 261

006 171 005 050 085
WT1 136 440 092 13 266

006 201 006 026 061
WT2 094 419 052 14 261

006 288 006 030 061

continued
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TABLE 83 Continued

Water Column Secchi Disk Surface Water
CBP Depth Depth WCSD Salinity Temperature

Se ment m cm m PRO °C
WT3 115 645 052 25 277

005 314 005 030 022
WT4 126 314 094 119 274

005 134 005 025 024
WT5 141 646 076 550 282

004 162 004 031 016
WT6 118 756 044 80 276

028 302 006 049 022
WT7 107 769 029 80 274

004 204 004 042 010
WT8 131 597 071 93 281

006 22 006 051 019

NOTES

1 All values not in parentheses are averages of all values of a particular
environmental parameter measured in the CBP segment during the 19711981
sampling

2 All values in parentheses are standard errors

3 Definitions

a Water Column Depth is the distance from the water surface to the
bottom

b Secchi Disk Depth is the distance from the water surface to the depth
where a secchi disk first disappears as it descends through the water
column

c WCSD is the Water Column depth minus Secchi Disk Depth

d Salinity is a measure of the salt concentration If it was measured as
less than or equal to one then it has been set to zero

e Surface Water Temperature is a measure of water temperature in the top
several cm of the water column



Tables 84 and 87 and as a function of the descriptive variables

Tables 85 86 and 88 to 815

Environmental Variable Trends

Surface water temperature did not vary considerably over time except

in 1972 when temperatures were lower than other years by a range of 15 °C

to 65 °C Table 82 This was possibly due to cooler and larger freshwater

inflow from Tropical Storm Agnes which passed through the area in June 1972

just prior to sampling salinity was also low that year Table 82Freshwaterinflow appears to influence temperatures in the northern bay as

seen by the lower temperature of 226 °C in the northernmost open Bay

segment the Susquehanna Flats CB1 and the lower temperature of 218 °C

in the northernmost eastern tributary the Elk River ET1 Table 83

Average salinity varied from 063 ppt to 151 ppt for a range of

146 ppt from the northern to the southernmost main Bay segments

CB1 to CB5 respectively Table 83 Salinity differed considerably

from year to year Table 82 ranging over 64 ppt from the highest to

lowest yearly Baywide average These temporal and spatial salinity

gradients are normal in estuarine systems

The three measures of depth water column depth secchi disk depth

and WCSD are indices of light availability to the SAV Table 82
reveals that during 1977 the Baywide average depth was lower than the

other years Baywide average depth from year to year depends upon

locating the stations in the same place and upon whether there has been

a celestial or meteorological tidal import or export of water prior to

sampling It is unlikely that small differences in station position

would influence the Baywide average water column depth It therefore

appears more likely that in 1977 tidal differences were exerting influence

on the Baywide average water column depth

Baywide average secchi disk depth was shallow in 1972 Table 82
probably a result of turbidity induced by Tropical Storm Agnes which

passed over the Chesapeake Bay area only a few months prior to sampling

In general the secchi disk depth remained in the 710 to 796 cm secchi

disk depth range throughout the 1970s except in 1972 as mentioned above

and in 1977 which was also a turbid year The trend in the eighties

indicates that the Bays water may be becoming more turbid because the

secchi disk depth in 1980 and 1981 is about 10 cm less than the secchi

disk depth was during most of the 1970s There also appears to be

geographical trends in secchi disk depth Table 83 The open Bay

segments CB except CB2 where all the stations are located in

small eastern tributaries and embayments eastern embayments EE
and eastern and western tributaries ET WT that are south of 39°15

latitude or about the latitude of Baltimore have larger average secchi

disk depth values than the Susquehanna Flats CB1 the more northern

eastern and western tributaries ET1 to ET3 WT1 to WT3 and the upper

reaches of the Patuxent River TF1 RET1 This is due to freshwater

inflows containing suspended sediments that have washed from upstream

watershed areas



TABLE 84a THE PERCENTAGE AND NUMBER OF STATIONS WITH AND WITHOUT VEGETATION
DURING 1971 TO 1981 MONITORING OF CHESAPEAKE BAY SAV

Percent Stations Per Year

100 624 The average number of

stations visited per year

57 356 The total number of

stations that never had SAV

43 268 The total number of stations
that had SAV at least one

year 624 minus 356

TABLE 8 4b THE PERCENTAGE AND NUMBER OF VISITS TO STATIONS WITH AND WITHOUT
VEGETATION DURING THE 1971 TO 1981 MONITORING OF CHESAPEAKE BAY SAV

Percent Total Visits

100 6861 The total number of visits

to stations during the 11

years of SAV sampling

87 5965 The total number of visits
to stations that yielded no
SAV in all three replications

13 896 Total number of visits that

yielded SAV 6861 minus

5965



TABLE 85 A SUMMARY BY YEAR OF THE TOTAL SAV VOLUMETRIC DISPLACEMENT OR STANDING
CROP AND THE AVERAGE NUMBER OF SPECIES OF ALGAE AND VASCULAR PLANTS
MEASURED DURING THE MONITORING OF THE UPPER CHESAPEAKE BAY SAV

Mean Volumetric
Year N Displacement ccm2

71 178 310
032

72 129 176

008
73 66 246

044
74 91 188

041
75 48 144

031
76 94 133

021
77 79 141

038
78 64 256

054
79 50 375

088
80 64 157

043
81 33 065

011

Total 896

Mean Number of

Algae Species

Mean Number of

Vascular Plant

Species

044 155
006 008
021 154
004 008
021 159
006 012
020 143
005 009
004 142
003 009
011 145
003 008
008 134

003 008
030 156
008 014
002 154
002 014
005 150
003 013
006 121
004 010

NOTES

1 N refers to the number of visits to stations in the corresponding year
that had vegetation

2 The means reported for volumetric displacement have been calculated by first
averaging the three replicates the replicate average from each station
visit The replicate averages are then averaged for all stations that had
vegetation during the 1971 to 1981 sampling period The numbers in parentheses
are standard deviations of the average replicate average

3 The mean number of species of algae and vascular plants was calculated by
counting the total number of species in the three replicate samples a
species present in more than one replicate was only counted once The
number of species from the visits with vegetation were averaged by segment

F8 9



TABLE 86 A SUMMARY BY CBP SEGMENT OF TOTAL SAV VOLUMETRIC STANDING CROP AND
AVERAGE NUMBER OF ALGAE AND VASCULAR PLANT SPECIES MEASURED DURING
THE 1971 TO 1981 MONITORING OF THE CHESAPEAKE BAY SAV

CBP

Segment N

Mean Volumetric

Displacement ccm2
Mean Number of

Algae Species

Mean Number of

Vascular Plant

Species

CB1 32 367 031 181
087 006 027

CB2 2 780 0 15
762 005

CB3 21 213 038 157
082 016 022

CB4 2 036 0 100
018 0

CB5 68 158 028 115
027 007 007

EE1 147 253 014 152
043 004 007

EE2 150 117 018 125
018 004 005

EE3 174 165 022 122
022 005 004

ET1 1 018 0 10

ET2 1 072 0 10

ET3 5 079 0 10
040 0

ET4 111 259 035 216
035 006 012

ET5 22 451 009 132

ET6

ET7

118 006 014

continued

F810



TABLE 86 Continued

CBP Mean Volumetric Mean Number of

Mean Number of

Vascular Plant

Segment N Displacement ccr2 Algae Species Species

ET8 18 248 011 161

071 011 014

ET9 40 158 008 145
036 008 009

LE1 8 038 038 088
006 008 013

RET1 1 054 00 100

WT1

WT2 6 286 0 133
174 033

WT3 14 160 0 143
063 023

WT4

WT5 16 330 019 131

112 010 015

WT6 19 230 021 190

078 012 028

WT7 37 350 022 211

092 007 021

WT8 1 018 0 10

NOTES

1 N refers to the number of visits to stations in the corresponding segement
that had vegetation

2 The means reported for volumetric displacement have been calculated by first

averaging the three replicates the replicate average from each station

visit The replicate averages are then averaged for all stations that had

vegetation during the 1971 to 1981 sampling period The numbers in parentheses
are standard deviations of the average replicate average

3 The mean number of species of algae and vascular plants was calculated by

counting the total number of species in the three replicate samples a
species present in more than one replicate was only counted once The

number of species from the visits with vegetation were averaged by segment
4 Dashes indicate that SAV was never encountered during the 1971 to 1981

period in the corresponding CBP segment

F8l1



TABLE 87 FREQUENCY OF OCCURRENCE OF EACH SAV SPECIES ENCOUNTERED DURING THE
PERIOD FROM 1971 TO 1981 IN THE UPPER CHESAPEAKE BAY AND THE PERCENT
OF TOTAL FREQUENCY

Common Name Scientific Name Frequency Percent

Widgeongrass Ru is maritima 533 352
Eelgrass Zostera marina 180 119
Redheadgrass Potamogeton erfoliatus 174 115
Sago pondweed P ectinatus 102 67
Eurasian watermilfoil Myriophyllum si• catum 90 60
Horned pondweed Zanichellia palustris 78 52
Common elodea Elodea canadensis 62 41
Wild celery Vallisneria americans 55 36
Naiad Na as guadalu ensis 39 26
Coon tail Cerato h llum demersum 5 03
Curly pondweed P cripus 4 03
Slender pondweed P use illus 4 0 3

Waterstargrass Heteranthera dubia 2 01
Sea Lettuce Ulna sp 54 36
Unidentified algae 38 25

filamentous green

ardhiella sue 33 22
Muskgrass Chara sp 20 13

Ce ram i um 9 06
Polysiphonia 8 0 5

Unidentified algae red
7 05

Unidentified algae
4 03

Unidentified algae green 4 03
Dasya sp 2 01
Enteromorpha pp 2 0 1

NOTES

1 The frequency was calculated by counting presence only once if a species
was present in more than one replicate
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TABLE 811 THE NUMBER OF VISITS WITH AND WITHOUT VEGETATION BY WATER

COLUMN DEPTH INTERVAL DURING THE 1971 to 1981 SAV MONITORING
IN THE UPPER CHESAPEAKE DAY

Water Column

Depth Interval Number of Visits Number of Visits With Total Number

m Without Vegetation vegetation O of Visits

0 049 174 64 238

05 099 1 253 421 1674

10 149 1460 236 1696

15 199 1493 136 1 629

20 249 883 30 913

25 299 462 9 471

30 349 161 0 161

35399 51 0 51
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TABLE 813 THE NUMBER OF VISITS WITH AND WITHOUT VEGETATION BY WATER COLUMN

DEPTH INTERVAL DURING THE 1971 TO 1981 SAV MONITORING IN THE

UPPER CHESAPEAKE BAY

Secchi Disk

Depth Interval Number of Visits Number of Visits Total Number

cm Without Vegetation With Vegetation of Visits

0 199 72 16 88

200 399 591 57 648

400 599 1286 152 1438

600 799 1758 269 2027

800 999 1016 154 1170

1000 1199 349 35 384

1200 1399 200 27 227

1400 1599 64 2 66

1600 1799 23 1 24

1800 1999 19 1 20

2000 2199 15 2 17

2200 2399 6 0 6

2400 2599 3 0 3
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TABLE 815 THE NUMBER OF VISITS WITH AND WITHOUT VEGETATION BY WCSD DEPTH
INTERVAL DURING THE 1971 TO 1981 SAV MONITORING IN THE UPPER

CHESAPEAKE BAY

WCSD
Interval Number of Visits Number of Visits Total Numberm Without Vegetation With Vegetation of Visits

0 199 827 361 1188
200 399 691 130 821

400 599 651 88 739

600 799 688 51 739
800 999 519 36 555

1000 1199 429 18 447

1200 1399 480 11 491

1400 1599 297 14 311

1600 1799 302 2 304

1800 1999 229 5 234

2000 2199 106 0 106

2200 2399 79 0 79

2400 2599 52 0 52

2600 2799 23 0 23

2800 2999 21 0 21

3000 3199 6 0 6

3200 3399 2 0 2



If the secchi disk depth is subtracted from water column depth the
derived variable WCSD is a measure of the depth zone that has less
light than in the surface water layer WCSD is an index of the distance
that AV must penetrate or grow through to reach the greater amounts of
light in the surface water layer Prior to 1977 there were no distinct
trends in WCSD except that WCSD was large in 1972 and 1973 possibly due
to Tropical Storm Agnes the low WCSD value in 1977 is probably due to
the shallow total depth that year Table 82 There is a suggestion
Table 82 that WCSD began to increase after 1977 since beginning in
1977 there was an increase in WCSD every year through 1981 Examination
of WCSD by segment identifies some geographical trends that are not
observed when water column depth and secchi disk depth are considered
individually Table 83 Two examples are presented that demonstrate the
insights provided by examining WCSD The three northernmost easterntributariesthe Elk Bohemia and Sassafras Rivers ET1 ET2 ET3 respectivelyall have shallow secchi disk depths ET2 has the least light penetrationwith a secchi disk depth of 362 cm yet the depth of water SAV mustpenetrateas estimated by WCSD is greatest in ET1 139 cm and least in
ET3 086 cm Another example involves the interaction of water column
depth and secchi disk depth between the Choptank and the Nanticoke
Rivers ET5 and ET6 respectively The Nanticoke River has a deeper water
column and more turbid water than the Choptank This results in a WCSD dept€difference between ET5 and ET6 of 36 cm a much greater difference than
is evident when secchi disk depth or water column depth are considered
independently

Submerged Aquatic Vegetation Trends

When SAV abundance is measured as the percent of stations with
with vegetation Chesapeake Bay SAV has been sparsely distributed
since the beginning of SAV sampling in 1971 Table 84a indicates that
57 of the stations visited each year never yielded SAV Table 84b
indicates only 896 visits or 13 of the total 6861 visits to stations
yielded SAV in at least one of the three replicates one visit represents
a single years sampling at a single station The majority of the SAV
community analysis in this report relies upon the 896 visits where SAV
was found Moreover the number of visits yielding vegetation has
decreased during the eleven years of sampling most drastically the
year after Tropical Storm Agnes 1972 to 1973 Table 85 After
the postAgnes 1972 to 1973 decline and prior to the 1980 to 1981 dropin the number of stations with SAV there was no definitive change in
in the number of stations with SAV Most of the stations void of SAV
in 1980 never recovered to a preAgnes condition Another way of
examining this is that by 1974 or after four years of sampling over
half 464 of the 896 visits with vegetation had been completed The
number of visits by year Table 85 and by segment Table 86 that
yielded SAV are large scale geographical measures of SAV extent

SAV volumetric displacement is a measure of stnding crop Volumetric
displacement is a measure of SAV density within 1 m areas Table 85



suggests that volumetric displacement has changed only slightly over
the study period and that no trends of increase or decrease are obvious
A survey of research reports by Stevenson and Confer 1978 indicates

that in Chesapeake Bay the leaf standing crop of Zostera marnia ranges
6 to 597 g dry weightm2 The volumetric displacement measured in this

monitoring program can be compared to the g dry weightm2 measure by

assuming that SAV has a density approximately equal to water or about

1 gcc This assumption is reasonable because dead SAV can be observed

on the waters surface neutrally bouyant or in mats of detritus on

the bottom Therefore a SAV density of at most I gcc is reasonable

and can be used as a conversion factor to convert volumetricdisplacementmeasured in ccm2 to another unit of standing crop measured as g dry

weightm2 After conversion of the volumetric displacements reported in

this monitoring program to g dry weightm2 one can see that the standing

crops measured during this monitoring program appear low This is because

the studies surveyed by Stevenson and Confer 1978 concentrated their

spatial coverage on specific areas known for high SAV density The 1981

volumetric displacement is the lowest annual average encountered and

could be the beginning of a trend of small scale thinning of SAV beds
Table 85 indicates that the number of vascular plant or algae species
has not changed over time

Table 86 presents the number of visits and vegetation by segment
A visit represents one years sampling at a single station There are

4 segments that have been void of vegetation since the beginning of

sampling in 1971 ET6 ET7 WT1 and WT4 Eight other segments
had six or less visits that yielded SAV CB2 CB4 ET1 ET2
ET3 RET1 WT2 and WT8 The large eastern drainages CB3 to ET4
EE1 EE2 to ET5 EE3 to CB5 and two eastern tributaries in the

southern end of the study area ET8 and ET9 had more visits with

SAV than most other areas It is difficult to explain why ET6 and

ET7 located in the middle of the large eastern drainage grouping with

the most occurrences of SAV never had vegetation during the 11 years of

sampling There are few trends in volumetric displacement or species

diversity across geographical areas Table 86 One observation is that

segments except CB2 with less than 10 visits revealing vegetation had the

lowest volumetric displacement This suggests that there are segments
that have never had many visits with SAV a large scale measure of SAV

quality and that when SAV is found in these segments that have had few
visits with SAV the SAV is thin and sparse as indicated by the volumetric

displacement a small scale measuare of SAV quality Species diversity
trends are generally difficult to interpret and do not appear to be

informative Table 86 does suggest that in the segments with larger
numbers of visits yielding SAV the mean diversity of vascular SAV

was larger This is expected since with more visits yielding SAV
samples with rare species are more likely It also may indicate that
as has been suggested by community ecologists species diversity is

positively related to community stability



The SAV community in this data base consists of 13 species of vascular
SAV and 7 species of algal SAV there are other vegetation categories of

unidentified species Species frequency of occurrence ranked by their

frequency of occurrence are presented in Table 87 The frequency ofoccurrenceof the five most frequently occurring species widgeongrasseelgrassredhead grass sago pondweed and eurasian watermilfoil are examined
in terms of their frequency of occurrence by year Table 88 CBP segment
Table 89 intervals of water column depth Table 810 intervals of secchi
disk depth Table 812 and intervals of WCSD

Table 88 indicates that sago pondweed was the only species not declining
during the 1971 to 1981 monitoring period it appears that sago pondweedincreasedto its highest frequency of occurence in 1972 the year of Tropical
Storm Agnes Widgeongrass was the most frequently occurring SAV species
in all years and decreased as a percentage less than any of the other
four most frequently occurring species There is a suggestion that
from 1976 through 1978 SAV frequency of occurrence stablilized

Table 89 contains the frequency of occurrence of the 5 most frequently
occurring species by CBP segment Many of the geographical trends described
in Table 86 are further understood after examining Table 89 The salinity
tolerances of the species are suggested by their geographic distribution
Eurasian watermilfoil resides in the fresher northern Bay and is the

primary species inhabiting the Susquehanna Flats On the other extreme
eelgrass is the most salttolerant species of the five most abundant
species and resides in the southern reaches of the study area The other
three species appear more widely tolerant Widgeongrass dominates the

eastern embayments EE1 EE2 and EE3 and was found in most of the samples
that have SAV The eastern embayments have contributions from all of the

five most frequently occurring species

Table 810 contains the frequency of occurrence of the five most
frequently occurring species by water column depth interval There were
only a few occurrences of SAV below 2 m but there were 1596 or 23 percent
of the visits to stations with a depth below 2 m Table 811 Four of the

SAV species occurred most frequently in the 05 to 099 m water column depth
interval eelgrass seems to occur at deeper water column depths occurring
most frequently in the 15 to 199 m water column depth interval This
could be related to the aforementioned higher salinity tolerance of eelgrass
The 05 to 099 m water column depth interval had the most visits yielding
one of the five most frequently occurring species Table 810 Examination
of Table 811 shows that the 0 to 049 m water column depth interval had
the highest yield of SAV when expressed as a percent of visits with SAV
64 visits or 27 percent yielded vegetation In the 05 to 099 m depth
interval 421 visits or 25 percent yielded vegetation There were only
238 visits to the 0 to 049 m water column depth interval In the next
deepest water column depth interval 05 to 099 m there were 1674 visits
this is 86 percent more visits than in the 0 to 049 m water column depth
interval If the 0 to 049 m water column depth interval had been sampled



as much as the 05 to 099 m water column depth interval and the SAV
yield remained at 27 percent there would have been about 452 visits with
SAV which is over half the total number of successful SAV visits in the
entire water column Table 811

Table 812 is a presentation of the frequency of occurrence of the five
most frequently occurring species by secchi disk depth interval All five
species appeared to occur infrequently in turbid water in the interval from
0 to 399 cm of secchi disk depth If the number of visits with vegetation
secchi disk depth interval are considered widgeongrass and redhead grass
appear to be more tolerant than the other three species In the 0 to 199
secchi disk depth interval of the 16 visits to stations with vegetation
Table 813 redhead grass was found in 11 visits Table 812 and in the
200 to 399 cm secchi disk depth interval of the 57 visits to stations witl

vegetation Table 813 widgeongrass was found in 40 of them Table 812
The apparent greater tolerance of these two species to turbidity may explain
why widgeongrass was always the most frequently occurring species and why
redhead grass occurrence was the most constant during the 1971 to 1981 SAV
monitoring period Table 88 In contrast eelgrass was one of the five
most frequently occurring species the most frequently occurring when the
secchi disk depth was greater than 100 cm and least frequently occurring
when the secchi disk depth was less than 60 cm This suggests thatellgrassmay be less tolerant to turbidity than the other SAV species

Table 814 contains the frequency of occurrence of the five most
frequently occurring species by WCSD intervals When the distance from
the secchi disk to the water bottom exceeded 999 cm the frequency of
occurrence of the five most frequently occurring species decreased
markedly This is also evident in Table 815 which demonstrates that
the total number of visits with SAV and the percent of total visits with SAV
decrease rapidly when the WCSD depth exceeded 999 cm When WCSD depth
exceeded 1599 cm little SAV was found Table 815 This sharp
interruption of SAV distribution suggests that the SAV are intolerant of
reduced light whether it is because of a shallow secchi disk depth or a

deep water column depth

RECOMMENDATIONS

The recommendations presented below are based on a preliminary anddescriptiveanalysis of SAV data collected by the MDNR and USFWS in the Maryland
portion of the upper Chesapeake Bay The recommendations are based only upon
findings suggested by the 19711981 SAV data base The descriptions monitoring
and management recommendations are based only on information from Marylands
upper Chesapeake Bay and the years 19711981 The data were not collected to
address all of the issues related to SAV eg nutrient enrichment or herbicide
effects

Monitoring

1 Any sampling plan designed for use in the future should maintain
geographic temporal and methodological consistency with the previous
years of sampling in order to compare current with historical data

F823



2 Continued monitoring of those stations in CBP segments which have

not yielded SAV ET6 ET7 WT1 and WT4 or have yielded little SAV

CB2 CB4 ET1 ET2 ET3 RET1 WT2 and WT8 since 1971 should
be reduced and limited until aerial imagery or exploratory sampling
indicates that there has been reestablishment of SAV

3 The most shallow depth interval 0 to 05 m should be sampled more

frequently The 0 to 05 m interval had the greatest percentage of

stations with vegetation 27 percent but was only visited on 3

percent of the total visits In effect increased sampling of the

0 to 05 m depth would involve the establishment of stations

in the upstream and backwater reaches of tributaries Generally
there are too many SAV stations in the open bay area and too few in

the shallow areas

4 Volumetric displacement appears to be a measure of limited value if

the primary purpose of the SAV monitoring is to detect large scale

changes in SAV distribution The Baywide average volumetricdisplacementa measure of small scale SAV density has changed little over
the eleven years of sampling The variation as measured by the

pooled withinstation variation or variation among replicates at a

station is 394 percent which is much too large Volumetric

displacement is a measure of small scale changes in SAV densityeg standing crop and to be done correctly and to minimize
the variation among replicates optimal quadrat sizes and sample
numbers should be determined for each location Volumetric

displacement determination is also the most time consuming measure
Continued volumetric displacement sampling should be limited The
The elimination of deep water stations greater than 2 m and the

elimination of volumetric displacement measurement would more than

allow for more complete coverage of the 0 to 05 m depth areas and

occassional exploratory sampling

Management

1 The information described in this report and the continued collection
of similar data is extremely important for providing guidance to those
involved with the management of Chesapeake Bay especially wheninformationis needed regarding SAV in a specific location in the upper
Chesapeake Bay

2 Visits to stations in the eastern embayments yielded SAV much more
often than in any other areas The especially high frequency of SAV

occurrence should be considered when impact to Chesapeake Bays
upper eastern shore is being evaluated For example the consideration
and evaluation of proposals to dredge and fill modify hydrology to

increase saltwater intrusion or change upstream agricultural practices
should involve knowledge of the higher quality of the SAV in the eastern

embayments In contrast it shouli also be known that a number of

areas that had SAV now have limited or no SAV populations All the

segments in the northernmost part of the Bay except Middle River
have extremely limited SAV populations the Susquehana Flats the

Elk Bohemia Chester Gunpowder Back and Bush Rivers Three



western tributaries also have sparse SAV populations the Patuxent
West and South Rivers

3 The Nanticoke and Wicomico Rivers have been void of SAV since 1971
but they are bounded to the north south and west by areas that

have the highest frequency of SAV occurrence in the upper Chesapeake
Bay Answers as to why these drainages have no SAV could provide
information regarding the factors controlling SAV distribution and
the management of SAV exposed to similar declines SAVtransplantationnutrient enrichment and caging studies in this area would be
of great value

4 Increased suspended load or turbidity and freshwater inflow appear
to be related temporally and spatially to decreased SAV presence
especially to the SAV declines that occurred in the early seventies
Management schemes that reduce upstream nutrient and sediment sources
may allow reestablishment of historical SAV beds Eelgrass seems
to be most sensitive to turbidity and widgeongrass and redhead
grass are the least sensitive to turbidity
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SECTION 1

INTRODUCTION

Eight interstate institutions are responsible for some aspect of
government activity related to the resources and quality of Chesapeake
Bay No single interstate institution deals with the full geographic
extent of the 64000 square mile Chesapeake Bay drainage system although
several deal with a full range of important management issues for the

Chesapeake Bay area

Each interstate institution is a unique entity with membership and
staff drawn from a limited population of state agencies state

legislatures research institutions and Federal agencies Membership is

highly overlapping The interests of a single agency are often represented
on several of the eight interstate committees or coumissions Each

interstate group is composed of those agencies that can contribute to

resolving a specific issue or problem the group was chartered to address

Together they form a regulatory and administrative network with the

potential for coordinating interstate action on virtually all Chesapeake
Bay resource management issues that may arise

The need for interstate coordination in the Potoma• River was

recognized many years ago and resulted in the adoption of the Potomac

Valley Conservancy District Commission in 1940 and the Potomac River

Company in 1958 The Atlantic States Marine Fisheries Compact was
established in 1942 Formal mechanisms for interstate coordination of

activities affecting the Chesapeake Bay itself were only recently
established Research institutions studying the Bay from an ecological
rather than jurisdictional perspective formed the Chesapeake Research
Consortium in 1970 The other Baywide institutions including the

BiState Working Committee the Chesapeake Bay Commission and the

Chesapeake Bay Research Board were not authorized until after 1970 The
B4State Committee was organized in the fall of 1970 the Chesapeake Bay

Commission was organized in 1981 and the Research Board has not yet been

constituted These groups do not have a long cooperative institutional

history Nonetheless they represent a significant potential for improved
management of the Chesapeake Bay resources This appendix discusses each
institution its founding instrument the geographic scope th1 purposes
powers duties the membership the resources and the activities



SECTION 2

THE CHESAPEAKE BAY COMMISSION

INTRODUCTION

The Chesapeake Bay Commission was created in 1980 by joint action of

the Maryland and Virginia General Assemblies NR Article Sec 8302
Annotated Code of Maryland Title 621 Section 621655 to 6216920
Code of Virginia The Acts creating the Commission recognized Chesapeake
Bay and its tributaries wetlands and dependent natural resources as an

integrated ecosystem shared by the two states The substantial joint
interest of the two states in the use of resources includes management and

regulatory programs implementation methods and actions affecting
migratory fowl finfish shellfish commercial and mercantile uses and
water quality

GEOGRAPHIC SCOPE

The Bay is defined to include tributaries extent not specified
wetlands and dependent natural resources shared by Maryland and Virginia
The upper Potomac most of the Susquehanna River and other tributaries

extending into Delaware are not included in the definition of the Bay The

authorizing statement all actions which affect water quality

substantively involve the joint interests of the state and thecommonwealthimplies that the Commission should take an active interest

in upstream activities to the extent that they affect water quality

PURPOSES OF THE COMMISSION

The Commission is given a broad mandate to examine all aspects of

governance of the Bay and its resources Its purposes are to

_ assist the legislatures of Maryland and Virginia in responding to

problems of mutual concern related to Chesapeake Bay

_ promote intergovernmental cooperation

o encourage cooperative coordinated resource planning and action

o provide where appropriate for uniformity in application of

legislation and

o recommend improvements in the existing management system for the

benefit of the present and future inhabitants of the Chesapeake
Bay region

DUTIES OF THE COMMISSION

The Commission is directed to carry out the following activities

a identify specific Bay management concerns requiring

intergovernmental coordination and cooperation



o recommend to the states and Federal and local governments

legislative and administrative actions necessary to effectuate

coordinated and gainful employment and maintenance of ahighqualityenvironment

o respect and support the primary role of the signatory states and

their respective administrative agencies in managing the regions

resources

o collect analyze and disseminate information on the region for

the General Assemblies

o represent the common interest of the signatories as they are

affected by activities of the Federal government and

a provide an arbitration forum to serve as an advisory mediator for

bistate programmatic conflicts when requested by the legislatures

or the Executive branches of both states

POWERS OF THE COMMISSION

In carrying out its role the Commission may

o collect compile analyze interpret coordinate tabulate

summarize and distribute technical and other data

o contract for or conduct studies but not for primary scientific

research

o prepare and disseminate information

_ serve as an advisory board to any requesting agency of either

state on matters of bistate concern

apply for grants services etc

o purchase administrative

_ hire staff

supplies and

TIME PERIOD OF AUTHORIZATION

The Commission is authorized for ten years after which time it may be

extended for additional tenyear periods The Commission may be dissolved

if a signatory state withdraws by act of its General Assembly

MEM$ERSHIP AND VOTING

Seven members are appointed to the Commission from each state Each

states delegation includes two senators three delegates a citizen

member and the Governor or his designee Actions taken by the Commission

require the affirmative vote of a simple majority _f those present four

members from each state constitute a quorum



Current members of the Commission include

Honorable Elmo G Cross Jr
Honorable Joseph V Gartlan Jr

Current Chairman
Honorable Robert S Bloxom
Honorable Theodore V Morrison Jr
Honorable W Tayloe Murphy
Honorable Betty J Diener
Mr Irvine B Hill

Honorable Joseph J Long Sr
Current ViceChairman

Honorable Gerald W Weingrad
Honorable Elizabeth S Smith
Honorable W Henry Thomas

Honorable Torrey C Brown
Honorable James E McClellan
Honorable Thomas A Reymer
Honorable Michael H Weir
Mr Jack Witten

Senate of Virginia
Senate of Virginia

Virginia House of Delegates
Virginia House of Delegates
Virginia House of Delegates
Virginia Governors Designee
Virginia Citizen
Senate of Maryland

Senate of Maryland
Ma ryl and
Maryland

Maryland

Ha ryland

Maryland

Maryland
Ma ryland

BUDGET AND STAFF

House of Delegates
House of Delegats
Governors Designee
House of Delegates
House of Delegates

house of Delegates
Citizen

Maryland and Virginia are currently providing 75000 dollars per annumfor a total Commission appropriation of 150000 dollars The Commission
has a staff of three headed by an Executive Director at its office in
Annapolis Maryland

ACTIVITIES OF THE COMMISSION

The Commissions activities center on analyzing the policies which
govern the management planning and regulation of resource use in
Chesapeake Bay and on making recommendations for improvements through
legislative or administrative actions The Commission has established an
interest in organizational and substantive management policies
coordinative research and a cooperative liaison with the various interest
groups and government institutions involved in governing the Chesapeake lay
region It has provided for participation of nonmember individuals
through a task force

The Commission has set goals and priorities to define a longrange
action agenda The Commissions first priority for fiscal year FY 1982
is Z o enhance a coordinated haywide approach to fisheries management
through dealing with the immediate situation created by court action on
residency requirements beginning to examine the prospects for Baywide
management of important fish species and examining the problems of
maintenance and enhancement of environmental conditions necessary for
continued viability of important fisheries The need for or lack of
reciprocal licensing enforcement problems and the potential for increased
crab harvesting pressure which may result from an ongoing court challenge
to Maryland and Virginia residency requirements are issues receiving
Commission consideration

The Commission has also determined that helping Maryland and Virginia
capitalize on the results of the Chesapeake Bay Program is an important



priority for FY 1982 Management policies emanating from the Program which

the Commission will review include a how new information on nutrient

enrichment toxic substances and submerged aquatic vegetation is used in

ongoing planning management and regulatory programs b how the states

can best continue to monitor the condition of the Bay and manage the data

c what refinements to existing programs appear to be desirable as a

result of new information developed and d what institutional

arrangements are recommended

Finally the Commission is seeking to achieve the confidence of the

Federal government local governments and citizens in the two states and

encourage the states Co accept responsibility for goverance and stewardship

of Chesapeake Bay The Commission is initiating a formal liaison with

interstate institutions Federal and local agencies and citizens and trade

groups



SECTION 3

THE BISTATE WORKING COMMITTEE FOR CHESAPEAKE BAY AND
COASTAL AREAS OF MARYLAND AND VIRGINIA

INTRODUCTION

The BiState Working Committee was established by an Agreement between
the Governors of Maryland and Virginia on August 27 1979 The Agreement
recognizes 1 that Chesapeake Bay is one of the most productive estuaries
in the world 2 that the Bay and coastal areas are essential to the
national interest for commerce navigation defense and the economic
wellbeing of the states and 3 that a common mutual concern exists
regarding dredging and placement of dredged material maritime
development water quality prevention and cleanup of spills of hazardous
substances shoreline erosion protection of living marine resources and
fisheries management permitting of minor shoreline alterations
floodplain management protection of waterfowl and wildlife habitat
protection of wetlands beaches and dunes sedimentation of tidal water
and continuous coordination of research planning advisory permitting
and management activities in the two states

GEOGRAPHIC SCOPE

Chesapeake Bay and coastal areas of Maryland and Virginia are not
defined in the agreement In the briefing document which accompanied the
agreement however the area of interest is defined to include all ofthe
tidewater counties of both states Nontidal portions of the drainage
basin are not included in the definition but nothing in the agreement
precludes the involvement of the Committee in upstream activities

PURPOSES OF THE AGREEMENT

The Governors of Virginia and Maryland agreed

o to coordinate the research planning advisory permitting
and management programs of agencies of both states which affect
coastal and Bay resources and activities and to effect such
coordination and

0 to direct the Secretary of Commerce and Resources for the
Commonwealth of Virginia and the Secretary of Natural Resources
for the State of Maryland to organize and cochair a BiState
Working Committee of agency representatives from both states

RESPONSIBILITIES OF THE COMMITTEE

The BiState Working Committee was given the following responsibilities

o assess coastal and Bay issues such as dredging and placement of

dredge material maritime development water quality prevention
and cleanup of spills of hazardous substances shoreline erosion
protection of living marine resources and fisheries management
permitting of minor shoreline alterations floodplain management



protection of waterfowl and other wildlife habitat protection of

wetlands beaches and dunes and sedimentation of tidal waters

o establish mutually compatible goals objectives and policies

guiding the conduct of the programs mentioned

o exchange information of all coastal and Bay matters of mutual

interest

o discuss problems associated with the operational activities of

permitting and management agencies and determine effective

IiiState solutions

o analyze recommendations for a BiState approach to Federal coastal

and Bay initiatives including proposed legislation and

regulations studies planning programs permitting decisions and

management activities

o respond to recommendations for alternative institutional methods

of coordinating programs with each other and with the Federal

government

o interact frequently with Federal and local officials private

sector representatives members of citizens groups and the

scientific community and

o prepare an annual report on the major coastal and Bay issues of

mutual concern and recommended BiState action

POWERS OF THE COMMITTEE

The Committee is purely advisory and coordinative It was not given

any management or regulatory authority The Committee may

o make recommendations to the Governors participating agencies and

other groups and

o encourage the joint exercise of management or regulatory authority

vested in participating agencies

TERM OF AUTHORIZATION

No term is specified in the agreement however because it is

gubernatorially authorized official confirmation of an intent to continue

any time a new Governor is elected by either state is practiced Governor

Charles Robb has announced his intent to have Virginia continue to pursue

the terms of the agreement

MEMBERSHIP AND VOTING

The Committee consists of seven members from each state Members are

the heads of the principle agencies in both states concerned with the Bay

and coastal areas each member may appoint an alternate The Committee

operates by consensus only and has not developed any voting protocol

Currentmembers of the Committee are



Ma ryland

Honorable Torrey C Brown

Secretary of Natural Resources

Mr Gregory Halpin
Port Administrator

Maryland Port Administration

Virginia

Honorable Betty J Diener

Secretary of Commerce and Resources

Mr J Robert Bray
Executive Director

Virginia Port Authority

Mr William Eichbaum Mr Richard N Burton
Environmental Health Administration Acting Executive Director
Maryland Department of Health and State Water Control Board

Mental Hygiene

Honorable James O Roberson

Secretary of Economic and

Community Development

Mr William Pruitt

Commissioner

Marine Resources Commission

Dr Ian Morris

Director University of Maryland
Center for Environmental and

Estuarine Studies

Honorable Wayne Cawley

Secretary of Agriculture

Honorable Constance Lieder

Secretary of State Planning

BUDGET AND STAFFING

Dr Frank Perkins

Director

Virginia Institute of Marine

Science

Dr James B Kenley

Commissioner

Department of Health

Ms Sheila Prindiville

Administrator

Council on the Environment

The Committee does not have an authorized budget Meeting expenses are
minor and are covered by the budgets of the Maryland Department of Natural

Resources and the Virginia Office of Commerce and Resources The

cochairmen specify assignments to staff the Committee directly from

existing agency personnel staff is provided in Maryland through the

Tidewater Administration and in Virginia through the Council on the

Environment Committee members assign staff from their agencies to

individual projects as appropriate

ACTIVITIES OF THE COMMITTEE

The Committees activities fall into three categories 1 evaluation
of ongoing programs to determine if closer coordination is feasible 2
development of agreements between parallel agencies from both states on

particular procedures and 3 joint evaluation of Federal activities
Some of the particular activities in which the Committee is involved
include

o developing bistate agreements on notification procedures for

major water withdrawals and air emissions near state boundaries



o investigating potential future funding and utilization of the

Corps of Engineers Chesapeake Bay Hydraulic Model

o reviewing the feasibility of oyster shucking machinery under

development and determining the advisability of future development

funding

o evaluating the two states emergency response and prevention

programs and the need for additional bistate program coordination

o developing joint proposals for striped bass research funding and

o making recommendations to the Governors concerning appointments to

the Chesapeake Bay Research Board



SECTION 4

THE CHESAPEAKE RESEARCH CONSORTIUM

INTRODUCTION

The Chesapeake Research Consortium CRC was incorporated in 1972 as anassociation of four institutions The Johns Hopkins University the
University of Maryland the Smithsonian Institution and the VirginiaInstitute of Marine Science each of which has longstanding involvementin research on problems affecting the Bay

PURPOSES OF THE CONSORTIUM

The Consortium was created to coordinate the scientific staff and
facilities of the member institutions to achieve a broadbased Baywideapproach to the complex investigations which are essential to wise
management of the resources of the Chesapeake Bay

FUNCTIONS OF THE CONSORTIUM

The Consortium provides the following services

o assembles multidisciplinary teams to investigate problems

o provides scientists laboratories technicians computer
capabilities and research vessels on a scale large enough to
attack complex Baywide problems

o assists management agencies

_ conducts workshops and symposium

o contributes to educational programs and

o comments for the Chesapeake Bay scientific community on Federal
and state activities which affect research on the Flay

MEMBERSHIP AND VOTING

The Consortium policy is set by a board of directors The Board
consists of fifteen members Each participating institution is represented
by three members on the Board In addition the states of Maryland acid
Virginia are represented by a board member from a resource agency The
board also has one atlarge member

BUDGET AND STAFF

The Consortium was initially funded by the National Science
Foundation Since 1977 the four member institutions have each contributed
approximately 20000 dollars annually toward operation of a central
office A director and clerical support are located at the Consortiums
headquarters at the Chesapeake Bay Institute Clue Johns Hopkins Universityat Shady Side Maryland Individual projects carried out by the Consortium
are funded through grants and contracts from government agencies and
private sources



ACTIVITIES OF THE CONSORTIUM

In addition to carrying out a number of research projects the

Consortium has played a role in providing Baywide synoptic analyses
Examples include the conduct and publication of a major symposium on the

effects of Tropical Storm Agnes on the Chesapeake Bay and organization of a

BiState Conference on the Chesapeake Bay which focused on five problem
areas and also upon improved coordination and management of the Bay More
recently the Consortium has conducted a thorough analysis of the research
progress that has been made to date in the understanding of the Bay and
has attempted to define the priority research needs for the next decade



SECTION 5

THE CHESAPEAKE BAY RESEARCH BOARD AND OFFICE FOR
CHESAPEAKE BAY RESEARCH COORDINATION

INTRODUCTION

The Chesapeake Bay Research Board independent and Office for

Chesapeake Bay Research Coordination within the US Department of

Commerce were created by PL 96460 the Chesapeake Bay Research

Coordination Act of 1980 The Act recognizes that the Chesapeake Bay area

is one of the greatest national resources in the United States an

abundant source of seafood recreation beauty and enjoyment and also a

major commercial waterway It also recognizes userelated problems in the

Bay including water pollution shore erosion and sedimentation Numerous

Federal agencies are studying these problems and there is a need for

coordinating various study efforts Coordination among the efforts of

various Federal agencies was the prime concern of the state and the

commonwealth in jointly backing this legislation

GEOGRAPHIC SCOPE

The act defines the Chesapeake Bay area as the waters of the Chesapeake

Bay including the tidal portion of its tributaries lands within and under

such waters and the wetlands adjacent to such waters

PURPOSES OF THE ACT

The act identified several purposes for creating the Board and the

Office including the need to

o provide for rational and effective coordination of research aimed

at increasing the fundamental knowledge of Chesapeake Bay

o identify key research information objectives and specify a

coherent program of research to meet those objectives

a identify needs and priorities for additional research which would

improve fundamental knowledge of Chesapeake Bay

_ assure a comprehensive and balanced approach to Federally

conducted and supported research on Chesapeake Bay

_ encourage the use of results and findings from research projects

and other relevant information in management and decisionmaking

concerning the Bay and

o foster public understanding of the role of Chesapeake Bay as a

unique national resource

DUTIES OF THE OFFICE AND THE BOARD

The Office of Chesapeake Bay Research Coordination established within

the Department of Commerce is directed to carry out the following functions

and services in consultation and cooperation with the Board



_ maintain a Chesapeake Bay research exchange

o review and evaluate Federal research efforts

o make recommendations to Federal agencies concerning the

relationship of their programs to the Chesapeake Bay Research Plan

_ identify the need for research programs

o establish a mechanism for maximum utilization of available funds
to benefit the Bay research effort

o remain cognizant of ongoing research efforts and assist in
dissemination of research information

o conduct routine meetings with agencies conducting Chesapeake Bay
research

_ annually inventory existing research programs affecting the Bay

o hold a Chesapeake Bay conference once every two years and

o prepare an annual report describing research programs affecting
the Bay to the Congress the Secretary of Commerce and the

Governors

The Research Board is responsible for the preparation and adoption of a
Research Plan which is to guide these activities of the Office The Board
is also responsible for reviewing the annual report overseeing activities
of the Office and for providing recommendations for improving the
effectiveness of the Office

TERM OF AUTHORIZATION

The Act is authorized for three years after which it must be evaluated
for effectiveness prior to reauthorization

MEMBERSHIP AND VOTING

The Board has fifteen members Four members are selected by both the
Governors of Maryland and Virginia and seven members are selected by the

Secretary of Commerce in consultation with the administrators of the
Environmental Protection Agency Secretary of the Army the Secretary of
Interior and the Smithsonian Institution The Board represents the
interests of Federal state and local government industry the public
and the scientific and environmental communities No voting protocol is
specified

BUDGET AND STAFFING

The Act authorizes an annual appropriation of 500000 dollars for the
Office and calls for the appointment of a director and establishment of a
staff at the directors discretion the Secretary of Commerce is directed
to make temporary staffing and administrative servicesavailable to the
Office



ACTIVITIES OF THE BOARD AND OFFICE

Neither the Board nor the Office has been created Funds for the

Office were not appropriated in FY 1981 or FY 1982 The Governors of

Maryland and Virginia wrote to the Secretary of Commerce in 1981 informing
him of their selections for the Board and requesting that the Department of

Commerce work with the states to carry out the intent of the Act The

Secretary of Commerce has assigned this responsibility to the Administrator

of the National Oceanic and Atmospheric Administration NOAA NOAA is

currently in the process of consulting with the other Federal agencies

specified in the Act and plans to convene the Board in the summer of FY

1982 Because of current funding constraints it is unlikely that afullystaffedoffice will be established Thus the focus of implementation will

likely be the primary function of the Board ie the adoption of a

Research Plan It has been suggested that the Chesapeake Research

Consortium may be able to carry out the functions of the Office this

arrangement would however require some appropriation of funds

Alternately Office functions would have to be carried out to the extent

feasible by existing staff in NOAA or by any staff available to members of

the Board



SECTION 6

THE INTERSTATE COMMISSION OF THE POTOMAC RIVER BASIN

INTRODUCTION

The Interstate Commission on the Potomac River Basin ICPRB was
created in 1940 by Congressional approval of the Potomac Valley Conservancy
District Compact Signatories include Maryland Virginia West Virginia
the District of Columbia and the Federal government Amendments to the

Compact were ratified in 1970 The Commission is a planning and advisory
group efforts to create a regulatory and management commission similar to
the Susquehanna River Basin Commission failed despite ratification by
Maryland and Virginia

GEOGRAPHIC SCOPE

The ICPRB is involved in the entire drainage basin of the Potomac from
its upstream reaches in the Appalachian Mountains to its mouth at
Chesapeake Bay

PURPOSES OF THE COMMISSION

The original purposes of the Commission were to promote interstate
cooperation in the prevention of stream pollution through water quality and
landuse planning measures The 1970 amendments expanded its scope to
include water supply and other wateruse planning

RESPONSIBILITIES OF THE COMMISSION

The Commission is to carry out the following water userelated services

o interstate and basinwide coordination

a stimulation of Federal and state action

o basinwide water quality monitoring and evaluation

o meaningful liaison with citizen and government groups

_ dissemination of information about the Potomac River and

o provision of unique services and technical support to the Compact
signatories

POWERS OF THE COMMISSION

In carrying out its responsibilities the Commission may

o conduct research and provide technical data

o cooperate with legislative bodies and executive agencies of its
members to promote uniform rules for the control of stream
pollution and use of land resources



o provide public information on water and associated land resources

o cooperate with public and nonpublic agencies for planning in

relation to stream pollution and use of associated resources

_ review and comment on any plan relating to stream pollution or the

use of associated land resources and

o recommend minimum treatment standards for waste discharges a

physical chemical and bacteriological water quality standards

TERM OF AUTHORIZATION

The Compact is established in perpetuity

MEMBERSHIP AND VOTING

Each signatory has three representatives and three alternates who may
vote On important matters however individual delegates caucus and cast
one vote per signatory Current membership from Maryland Virginia and
the Federal government include

Maryland

Member Alternate

Honorable Harry R Hughes Mr Thomas C Andrews
Governor of Maryland Department of Natural Resources

Mr George H Shoemaker Dr Norton Dodge

Upper Potomac River Commission St Marys College

Mr Robert Y Clagge t t Ms Katherine Seward

Upper Marlboro Maryland

VirginiaMember

Bethesda Maryland

Alternate

Mr James J Corbalis Jr
Dir Fairfax County Water

Authority

Mr Richard N Burton

Exec Secy VA State Water

Control Board

Hon Warren Stambaugh
VA House of Delegates

Adm James S Dietz

Leesburg Virginia

Air Thomas M Schwarberg Jr
Reg Dir VA State Water

Control Board

Hon Dorothy McDiarmid

VA House of Delegates



Federal

GovernmentMember

Mr John M Brennan

Davidsonville Maryland

Mr Hugh C Newton

Alexandria Virginia

Mr Thomas P Perros

Washington DC

PennsylvaniaMember

Alternate

Honorable Kenneth J Cole Mr Walter A Lyon

West

VirginiaMember

Alternate

Dr L Clark Hansbarger Mr Robert P Wheeler
Charleston West Virginia Charles Town West Virginia

Mr Douglas S Rockwell Mr Walter Tetrick
Charles Town West Virginia Keyser West Virginia

Ms Anne A Eyler Mr Clarence Martin
Martinsburg West Virginia Martinsburg West Virginia

District of

ColumbiaMember

Dr Mamadow Watt

University of the District of Columbia

Mr William Johnson

Department of Environmental Services

Mr Rockwood H Foster

George Washington University

BUDGET AND STAFFING

The Commission maintains a staff of fourteen which includes its
separately funded Cooperative Water Supply Section The Commissions
offices are located at Rockville Maryland Appropriations from the
various signatories are determined by a formula based on population and
area within the basin Maryland and the Federal government both contribute
approximately 55000 dollars while Virginia provides about 59000
dollars The Commission has received additional funding through the EPA
The Commissions annual budget approximates 500000 dollars In addition
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the Maryland Department of Natural Resources DC Department of
Environmental Protection Fairfax County Water Authority Virginia State
Water Control Board and the Washington Suburban Sanitary Commission

Montgomery and Prince Georges Counties Maryland jointly contribute over
100000 dollars to the Cooperative Water Supply Section

ACTIVITIES OF THE COMMISSION

The Commission has developed a Potomac Baseline Water Quality
Monitoring Network It reports to the public every two years on water
quality trends in the Potomac The Commission has developed computer
modeling capabilities and analytic methodologies Among the projects being
carried out are drought simulation flow modeling spill models for toxic
substances groundwater studies and research on the effects of increased
agricultural irrigation
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SECTION 7

THE SUSQUEHANNA RIVER BASIN COMMISSION

INTRODUCTION

Created in 1970 by an Act of Congress and by an interstate compact

among New York Pennsylvania Maryland and the Federal government the

Commission has a very broad mission and powers relating to the Susquehanna

River basin

GEOGRAPHIC SCOPE

The Susquehanna River basin is defined to include all lands and waters

draining into the river upstream of Havre de Grace and Perryville

Maryland The Compact does not give the Commission authority over the

Chesapeake Bay proper The Commissions plans and policies do however

recognize the Susquehannas impact on Chesapeake Bay and the need to

protect the Bays water quality and fisheries resources

PURPOSES OF THE COMPACT

In agreeing to the Compact the signatories recognized the following

purposes

o to promote interstate commodity

o to remove causes of possible controversy

o to make secure and protect developments within the states and

o to encourage and provide for the planning conservation

utilization development management and control of the water

reasources of the basin

DUTIES OF THE COMMISSION

The commission is directed to

o adopt a comprehensive plan after consulting with appropriate

users and public groups

o develop and adopt a water resources program based on the plan

a adopt and promote uniform and coordinated policies for water

resources conservation and management in the basin

o administer manage and control water resources in all matters

determined to be interstate in nature

o assume jurisdiction in any water resource matter if necessary to

effectuate the comprehensive plan and the compact



a institute actions in state and Federal courts to compel compliance
with the Compact or any rules and regulations of the Commission

undertake studies and investigations of the water resources within
the basin and

o give specific emphasis to the primary role of the states in water
quality management

POWERS OF THE COMMISSION

The Commission is given very broad authority to carry out its duties
including the authority to

o plan acquire construct and operate water supply reservoirs
flood control facilities waste treatment plants hydroelectric
facilities land improvements in flood plains soil loss
prevention programs and fish and wildlife habitat protection

o acquire land and improvements by eminent domain

o allocate waters of the basin among the signatories

o borrow money and issue negotiable bonds

o regulate withdrawals and diversions of surface and ground waters

o approve or disapprove of all water projects which involve
outofbasin diversion or which have an interstate impact and

o enter into agreements with other river basin commissions and
states with respect to diversions of water

TIME PERIOD AUTHORIZED

The Commission receives equal amounts of funding annually from each

signatory state presently set at 220000 dollars per signatory or a total
of 880000 dollars however New York currently provides only 90000
dollars A staff of twelve is headed by an Executive Director and is

located in Harrisburg Pennsylvania

MEMBERSHIP AND VOTING

The Governor of each member state and an appointee of the President of
the United States generally the Secretary of Interior make up the

Commission membership Each member appoints an alternate with voting
privileges Current members are as follows

Member Alternate

Honorable Hugh L Carey Mr John A Finkrath
Governor of New York Chief Interstate Water Section

NY Dept of Env Conservation



Nicholas De Benedictis Mr R Timothy Weston

Secretary Department of Assoc Dept Secy for Resources

Environmental Resources Mangagment
PA Dept of Environmental Resources

Henry Williams

Department of Environmental

Conservation

Mr James G Watt Mr Warner M Dupuy

Secretary of the Interior Department of the Interior

ACTIVITIES OF THE COMMISSION

Tropical storms Agnes and Eloise caused major flooding damages in the

Susquehanna River basin shortly after enactment of the Compact Much of

the Commissions efforts since then have been directed toward floodplain

management and mitigation of flooding damages The Commission has recently

become heavily involved in water supply issues through the development of a

wateruse data system adoption of a Water Conservation Policy and

development of a lowflow management or drought emergency plan

Two issues of particular interest to Chesapeake Bay managers include

anadromous fisheries and water quality In 1981 the Commission adopted a

Strategic Plan for Restoration of Diadromous Fishes of the Susquehanna

River Basin which includes recommendations for fish passageways around

four hydroelectric dams on the lower Susquehanna to encourage passage of

shad alewife herring striped bass and American eel and possibly assist

in upstream stocking of some anadromous species The Commission has also

become involved in water quality management through nonpoint source

sampling programs and evaluation of low flows in the lower Susquehanna

during peak operation modes at Conowingo Dam The Commission is working

together with the EPAs Chesapeake Bay Program on nonpoint source studies

and analysis of nutrients at the four hydroelectric plants

The Commission is currently embroiled in court proceedings concerning

the relicensing of the Conowingo Dam and Hydroelectric Facility In 1980

the Federal Energy Regulatory Commission granted a new fiftyyear license

for the facility without adopting conditions developed by the Commission

regarding fish passageways and lowflow requirements As a result of court

proceedings fish passageway and lowflow requirements may be inserted into

the FERC license at some future data The necessity of judicial settlement

of this controversy demonstrates that intergovernmental cooperation cannot

be assured even by an authoritative agreement such as the Susquehanna

River Basin Compact
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SECTION 8

THE POTOMAC RIVER FISHERIES COMMISSION

INTRODUCTION

Created in 1958 by an Interstate Compact approved by Congress the
Commission has authority to regulate fishing in the Potomac River The
Compact recognizes the ownership of the river by Maryland and the rights of
both Maryland and Virginia citizens to access the rivers waters and
harvest its fisheries

GEOGRAPHIC SCOPE

The Commissions jurisdiction is limited to the tidal portion of the
river from the District of Columbia to the mouth of the river between Point
Lookout Maryland and Smiths Point Virginia Along the shores of the
river Jurisdiction extends to the low water mark on either shore but
excludes the creeks coves and tributaries to the river

PURPOSES OF THE COMPACT

The Commission is expected

o to recognize the respective ownership riparian rights and rightsof access of the two states and their citizens to the beds
waters and fisheries of the Potomac River and

o to carry out necessary conservation and improvement of the
tidewater portion of the Potomac River fishery resource through a
Commission composed of representatives of the two states

DUTIES OF THE COMMISSION

The Commission is directed to carry out the following tasks

o survey oyster bars

a conduct research relating to the conservation and repletion of the
fishery resources and

o issue licenses for the taking of £infish crabs oysters clams
and other shellfish and license vessels and equipment used for
such taking by citizens of both states

POWERS OF THE COMMISSION

The Commission is empowered to carry out the following activities in
pursuit of its mandate

o reseed and replant oyster bars

o prescribe by regulation the type size and description of all
species of finfish and shellfish and the places and methods in
which they may be taken



o contract with scientists and agencies for research

a purchase borrow lease or construct needed equipment and

facilities

o expend funds receive grants establish license fees and impose

inspection taxes and

o establish rules and regulations for meetings hearings and

internal administration

TIME PERIOD OF AUTHORIZATION

No procedures or data for termination were included in the Compact

MEMBERSHIP AND VOTING

The Governor of each state appoints three members to the Commission

Two members from each state constitutes a quorum Adoption of rules and

regulations by the Commission requires public notice and a public hearing
such regulations are subject to amendment or recision by joint action of

the Maryland and Virginia General Assemblies

Current membership of the Commission includes

Mr John T Parran Jr
Mr Francis J Russell

Mr LE Zeni

Mr William Pruitt

Mr R Wayne Browning

Mr Ivan D Mapp

Charles County Maryland
St Marys County Maryland

Administrator Tidewater

Administration Maryland Department
of Natural Resources

Virginia Marine Resources

Commission

Associate Member Virginia Marine

Resources Commission

Asso Member Virginia Marine

Resources Commission

BUDGET AND STAFFING

The Commission currently receives 150000 dollars from each state for a

total appropriation of 300000 dollars In addition the Commission funds

much of its operation through license fees and inspection taxes A staff

of four headed by an Executive Secretary is located at the Commissions

office in Colonial Beach Virginia

ACTIVITIES OF THE COMMISSION

The major activity of the Commission is the regulation of commercial

fisheries harvest in the Potomac River and replenishment of those

fisheries From time to time the Commission also reviews and comments

from the standpoint of protection of the productivity of this fishery on

activities that may impact the water quality of the river



SECTION 9

THE ATLANTIC STATES MARINE FISHERIES COMMISSION

INTRODUCTION

The Atlantic States Marine Fisheries Compact ASMFC was adopted by

several states in 1941 and authorized by Congress in 1942 Currently

member states include Maine New Hampshire Massachusetts Connecticut

Rhode Island New York New Jersey Pennsylvania Maryland Delaware

Virginia North Carolina South Carolina Georgia and Florida The tidal

waters of the Atlantic Coast to the threemile limit of state jurisdiction

are within the ASMFC area of concern Membership is limited co coastal

states and contiguous states that are visited during an anadromous fish

migratory cycle

PURPOSES OF THE COMPACT

The purposes of the Compact are to

0 promote the better utilization of the marine shell and

anadromous fisheries of the Atlantic seaboard

o develop a joint program for promotion and protection of the

fishing industry and

o prevent the physical waste of the fisheries from any cause

DUTIES OF THE COMMISSION

The Commission is directed to

o make inquiry and ascertain methods practices circumstances and

conditions that would enhance conservation and prevent waste of

Atlantic seaboard fisheries

o draft and recommend legislation dealing with conservation of

Atlantic Seaboard marine and anadromous fisheries

o present proposed legislation to the Governors of states in which

the Commission recommends it be enacted at least one month prior

to the regular meeting of that states legislature and

o consult with and advise the administrative agencies of signatory

states concerning problems and needed regulatory actions related

to fisheries management

POWERS OF THE COMMISSION

The Commission is advisory but is authorized to make recommendations

concerning the coordination of the exercise of the police powers from

several states In addition the Commission makes recommendations to

individual states concerning fish stocking programs and acts as a

coordinating agency when two or more states are involved in a stocking

program
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When two or more states agree to joint management objectives through a

specific compact the ASMFC is authorized to act as a regulatory agency
The representatives of these states act as a separate section of the

Commission with powers and funding granted to it by those states This

special ASMFC section is authorized to adopt rules applicable to vessels

operated by citizens of member states

MEMBERSHIP AND VOTING

Each member state appoints three members to the Commission Membership

is reserved for the head of the state agency charged with marine fisheries

conservation a member of the legislature designated by the committee on

interstate cooperation of that state and a citizen with knowledge and

interest in marine fisheries Citizen representatives are appointed by the

Governor of each state

Current members from Virginia and Maryland are

Virginia

Mr William Pruitt

Marine Resources Commission

Maryland

Mr LE Zeni

Administrator Tidewater

Administration

Hon Theodore V Morrison Jr
Virginia House of Delegates

Mr Carl Croasdale

Governors Appointee

Hon R Clayton Mitchell Jr

Maryland House of Delegates

Mr August Berlitz

Governors Appointee

Action by the Commission requires an affirmative vote from the majority

of the whole membership of compact states present at the meeting
Recommendations concerning a given species of fish require an affirmative

vote from the majority of compact states demonstrating an interest in chat

species

The National Marine Fisheries Service is designated as the primary

nonmember research agency for the Commission and is directed to send

representatives to the Commissions meetings The Commission is also

required to form and consult with an advisory committee of commercial

fishermen and saltwater anglers

TERM OF AUTHORIZATION

The Compact remains in effect and binding on each signatory state until

renounced Renunciation or a states declaration of withdrawal must be

preceeded by six months written notice to all other signatory states

STAFF AND FINANCING

The Commissions 1982 budget requests totaled approximately 120000

dollars Maryland and Virginia contributions are 8300 dollars and 11800

dollars respectively Another 370000 dollars in assistance is provided

by the National Marine Fisheries Service The total annual budget is

approximately 490000 dollars The Commission maintains offices for six

staff members headed by a director in Bethesda Maryland



ACTIVITIES OF THE COMMISSION

The Commission is working on or has adopted management plans for
several species important in Chesapeake Bay including striped bass
Atlantic menhaden summer flounder shad and river herring

The Commission is also involved in coordinating efforts under the
Fisheries Management and Conservation Act for management of species usingthe waters beyond the threemile limit of state Jurisdiction the
fisheries conservation zone and is actively involved in reviewing and
commenting on Federal fisheries legislation


